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tibodies and antibody Cragments. being antibodies or frag- 
ments pf a particular species of mammal whidi bind self-anti- 
Sens of that spedes. Methods compnse providing a library of 
rephcable genetic display packages (rgdps), such as filamen- 
tous phage, ^ch rgdp displaying at its surface a member of a 
speofic bmdittg pair which is an antibody or antibody fraff- 
ment. and each rgdp containing nucleio add sequence deriv«l 
from a species of mammal The nncleic add sequence in each 
igdp encodes a polypeptide ^Aaia wMdi is a component part erf 
the Bbp member displayed at the surface of that rgrfp. Aid-self 
antibody fragments are sdected by bmding ^ a sdf antigen 
&om the said species of mammal. Hie displayed antibody fer- 
ments may be scFr. Fd. Fab or any other fragment ^di h^ 
the rapabihty of bmdbg antigen. Nndric arid libraries used 
may be denved from a rearranged V-gene sequences of nnim- 
mmused mammal. Synthetic or artifidal Kbraiies are described 
and shown to be useful. 
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1 

S?s°PUY™ S'ph'XgI"'''' ™" repertoires and 

This invention relates to the isolation of antibody 
molecules directed against self antigens, e.g. human 
5 antibodies directed against hun,an self antigens. Phage 
display technology for selection of antibody molecules ■ 
was described in WO92/01047, PCT/GB92/00a83 
PCT/GB92/01755 and GB9206372.6. The applicants have 
realised that antibodies directed against self antigens 
can be isolated using phage display technology. 

Human antiself antibodies are of particular value 
for in Vivo therapeutic and diagnostic purposes, since 
they avoid the problems arising from the antigenicity of 
forexgn,_e.g^ mou^e antibodies^ The mo^t useful, human 
antibodies for therapy are those directed against cell 
surface molecules, such as receptors, adhesins and 
xntegrins, and those directed against circulating 
biological effector molecules, such as hormones, growth 
factors and cytokines. It has been extremely difficult to 
obtain human antibodies against such self antigens. This 
invention provides a powerful way of obtaining such 
antibodies. 

It is a demanding task to isolate an antibody 
fragment with specificity against self antigen. Animals 
do not normally produce antibodies to self antigens, a 
phenomenon called tolerance (G.J.Nossal Science 245' 
147-153, 1989). Autoimmune diseases may result from a 
breakdown in tolerance. m general, vaccination with a 
- self antigen does not result in production of circulating 
30 antibodies. it is therefore difficult to raise 

antibodies to self antigens, particularly in humans. It 
xs -possible to raise antibodies that recognise human 
antigens in an animal such as a mouse, especially if the 
human anirigen is not too closely related to any 
35 equivalent in the animal. if a human antibody is then 

required it is necessary to 'humanise' the antibody, e.g. 
by CDR grafting (patent GB2188638B). 

Phage antibody technology as described in 
(W092/01047) offers the ability to isolate such human 
antibodies directly, m this application, „e demonstrate 
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for -the f irs-t trime thai: an1;±bodies against: self-antigens 
can be isalated from phage libraries derived from, " for 
example, noniinmunised sources: and from libraries prepared 
hY synt±Le1:ic recombination of V^-gene sequences, 
preferabXy recombination of VH with/ DH and JH, and 
v;ith JL sequences. These antibodies are spBclflc for 
their antigen. This application shows that single 
libraries derived in this manner can act as a source of 
both foreign and self antigens and opens up the prospect 
of a larg-e^ universal library to isolate antibodies to 
any antigen. 

It jwas disclosed in patent application WO92/0104r7 
that antibody fragments can be displayed on the surface 
■of bacteriophage and that they will bind antigen. 
15 . Antibody fragments can be directly selected using this 
characteristic- This ability to isolate antibody 
fragments (Fab, Fv, scFv and VH) using their display on 
the surface of filamentous bacteriophage has opened up 
the prospect of the isolation of antibody specificities 
20 (i.e. antibodies directed against a particizlar antigen} 
that, were difficult or impossible- to isolate previously. 
In particular W09 2/01047 demonstrates that antibody 
specificities can be isolated from a human who has not 
been specifically immunised ( '^unimmuilised ' ) , even 
25 specificities for antigens such as 2-phenyl-5-oxazolone 
to which humans will not normally be exposed,r 

In embodiments of this invention, natural or 
synthetic antibody repertoires derived from a species of 
mammal-^ such as human, mousev rat^ sheep, pig, goat, 
horse or other, are displayed on the surface of a 
replicable genetic display package (rgdp) and the binding 
specificity for self is selected by binding to self 
antigen- In this process, the V gene repertoires are 
derived from V genes reaocranged in vitro or in vivo and 
35 or by mutation of (a) rearranged V genets). A key feature 
of the Y gene repertoires is that they are extremely 
diverse in sequence, usually in excess of -10^ different 
members. Indeed it is -possdLble that a sufficiently large 
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library may provide a source of specificities directed 
against any self antigen. The V-gene repertoires are 
cloned into the rgdp (for example a filamentous phage 
vector) such that antibody repertoires are displayed on 
5 the surface of the rgdp. The rgdps encoding rare antibody 
specif icities binding to antiself , may be selected by 
virtue of binding to the self antigen. The antibody 
repertoires may be cloned in a single replicon or a dual 
replicon format as described in WO92/01047 and 

10 PCT/GB92/00883 . 

The V genes may be cloned into the genetic material 
of the rgdp, and expressed as single domains, for example 
single fieavy^haiW; varlLable^oraf ins/ called single 
domain ligands or "dAbs" (see WO90/01544), or as 

15 associated antibody heavy and light chain variable 
domains • 

The two domains could be displayed as separate 
polypeptide chains (linked as in Fab fragments through 
non-covaleht association of domains and/or disulphide 
20 bonds), or as part of the same chain (single chain Fv 

fragments where the trwo domains are contained within the 
same polypeptide chain ) • ' 

In WO92/01047 and examples. 1 to 8 of this 
application we have used fusion of antibody fragments to 
25 gene 3 protein of filamentous bacteriophage for display 
and selection of antibody fragments. An alternative 
approach would be to fuse antibody fragments to gene 8 
protein or other surface molecules of filamentous 
bacteriophage . 
30 i^0^2sBsi^<3yrm3Oi&s^mmm7^^ 

There are only a limited 



number of human antigens against which circulating human 
antibodies are naturally found. Antibodies are present 
directed against non-self antigens of hijunan origin. 
35 Antibodies directed against human blood group B have been 
isolated fxom a phage display library prepared from 
subjects of blood group O (J.D. Marks et al, J. Mol. 
Biol. 222 581-597, 1991), which recognise the blood group 
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B antdLgen as foreign. 

Th±s invention is concerned «ith a general method 
for the isolation of antibodies directed against self 
antigens which are specific for the antigen concerned - 
S Many patients show significan t concentrations of 
circulating autoantibodies . 

30% of B iTinphocy tes in normairhe^^ are 
^ ^^^^ ^^^ ^^ ^^^^^^^^^^^^^(I.R. Cohen and A. Cooke 
^^^^T Today 7 363-364, 1986). However, the 'natural 
10 autoantibodies' produced do not lend themselves to 

therapeutic use as they are often IgH, low affinity and 
polyrsactive. (P. Casali and A^L. NQtkinsJVnn^R^ 
Immunol. 7 515-531, 1989; S. Avrameas Immunol- Today 12 
154-159 ). An immune response against Self can arise in 
15 ^ autoimmune disease or after infections 

m^^^^^,,^^^ibo^^,j^?^^^B,ig^Ji^^^i^^fe^SSa§Bs^^, 

'^^^^'t'^G^Tf^^^ Immunol. Methods 100 5-4-0, 1987). 
I These autoantibodies are frequently specific, but may 
20'^ bind to only a limited range of epitopes on the antigen 
(M. Bouanani et al Arthritis Eheum. 34 1585-1593, 1991). 

The preparation of V gene libraries derived from the 
mRNA of plasma cells secreting IgG (or IgM) antibody may 
thus lead to the isolation of antibody fragments derived 
from autoantibodies. For instance, anti-self antibodies 
might be isolated from patients, with autoimmune diseases, 
for example anti- acetylcholine receptor antibodies would 
be expected to be isolated from antibody repertoires made 
from the IgG mRNA of myasthenia gravis patients . For 
30 example, an antibody fragment specific for human thyroid 
peroxidase has been isolated from a bacteriophage lambda 
library from a patient with thyroid autoimmune disease 
(S.Portolano et al Biochem. Biophys. Res. Commun. 179 
372-377, 1991). This however required extensive 
35 screening of 200,000 plaques to obtain one clone. In 

addition, this library was derived from thyroid tissue, a 
procedure not readily applicable in most instances. 

In contrast, the power of selection available using 
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-Che phage system, demonstrated in WO92/01047 allows the 
ready Isolation of autoantibodies • from the IgM mRNA of 
peripheral blood lymphocytes of a donor without disease. 
We show in example 2 that antibodies binding to human 
5 thyroglobulin (which can be found in the sera of people 
with or without symptomatic autoimmune disease), can be 
isolated from phage repertoires prepared from unimmunised 
humans: One would not expect necessarily to be able to 
obtain antibodies to human thyroglobulin by immunising a 

■10 human with human thyroglobulin, notwithstanding the 

presence of thyroglobulin autoantibodies in many people. 

— Autoant-ibodies=against^Ahyroglob.ulin,in normal, sera have 
been reported often to have a high degree of 
polyreactivity (S.Avrameas, 1991 supra). In contrast, 
15 those which are isolated using a method according to the 
present invention involving phage antibody technology, 
see example 2 for instance, are specific for 
thyroglobulin - 



20 



'from the same library 



as the antibodies directed against thyroglobulin. Many 
self antigens do not have detectable associated 
circulating autoantibodies. FUrther, example 3 shows the 
25 isolation of antibodies against the self antigens mucin, 
carcinoembryonic antigen (CEA) and CD4, antibodies to 
which have not been reported in normal sera. Moreover, 
these antibodies are specific, whereas there is often a 
high degree of polyreactivity in natural autoantibodies 
30 which can sometimes be found. The vast majority of self 
antigens do not have detectable associated circulating 
autoantibodies. Thus the isolation of antiself ■ 
antibodies as described in this invention opens the 
prospect of the direct isolation of human antibodies 
35 binding to human antigens for a number of purposes such 
as antibodies which bind to circulating hormones to 
block, modify or potentiate their action or antibodies 
that bind to cell surface antigen for imaging or killing 
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for example of cancer cells, 

TJie origin of the V genes tiiat; contiribu-te t:o 
anti-self antibodies isolated front phage display 
librax^ies. is not clear. Tolerance to self antigens hY 
5 the immune system (preventing the generation of 

antibodies directed against them) is mediated by either* 
clonal deletion or functional inactivation;. (anergy) of 
self-react:ive B lymphocytes .(D- A-Nemazee fit K*Bur3ci Katrure 
337 562-566, 1989; C.C. Goodnow^ et al Nature 334 676-682^ 
lO 1988; S.B.Hartley et al Nature 353 765-769^ 1991; 

D. M.Russell et al Nature 354 308-311^ 1991). In either 
. case little circulat in g an t i-6elf antibody i^^etectatjle 
for most antigens- However, in the case of anergy, 
functionally inactivated self-reactive cells from the B 
15 cell lineage persist in peripheral lymphoid organs 
leading to B cells in circulation. These rare 
lymphocytes with anti-self specificity may provide heavy 
or light: chain paortners (or even both> for phage 
antifaodies^ with an ti -self specificities* Alternatively, 
20 such anti— self specificities may arise from the 

combination in the library of a VH domain with a VL 
domain to give a specificity that is normally deleted ±± 
it: occur^s in nature. For tiiis xeason, combinatorial 
libraries and ' chain -shuf fled libraries such as 
25 described dLn patent applications WO92/01047 may be a 
particular^ly rich source of anti-self antibodies • A 
selection procedure of great power, such as that provided 
by phage antibodies, is reqfuired to obtain such rare 
anti-self antibodies. . * 

30 The degree of somatic mutation observed in antiself 

antibody* fragments isolated by phage technology in this 
application indicates that some have germ line sequences 
and have therefore arisen from vdLrgin B cells. Other 
antibodies isolated by phage antibody technology in this 
35 application show somatic hypermutation indicating that 
the V genes have been stimulated by antigen, either a 
foreign cross reactive antigen or other foreign antigens. 
In both cases the antibody fragments isolated using phage 
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1:echnology will usually be a combination of VH and VL 
domains not originally present in the B lymphocytes and 
the power of phage technology, as described in this 
application enables their isolation. 
5 According to the present invention there is provided 

a method of obtaining a member of a specific binding pair 
(sbp member), which sbp member has an antigen binding 
site with binding specificity for an antigen which is a 
self antigen of a species of mammal, the method 
10 comprising: 

(a} providing a library of replicable genetic 
display packages (rgdps), each rgdp displaying at: 
its surface an sbp member, and each rgdp containing 
nucleic acid with sequence derived from said species 
15 of mammal and encoding a polypeptide chain which is 

a component part of the sbp member displayed at tihe 
surface of that rgdp; 

(b) selecting, by binding with said self antigen, 
one or more sbp members with binding specificity for 
20 said self antigen. 

The polypeptide component part encoded by the 
nucleic acid in each rgdp may be a VH or VL domain of an 
antibody, or any part of an antibody which, either alone 
or in combination with one or more other component parts, 
25 forms an antibody fragment which is capable of binding an 
antigen. Examples of polypeptide chains which may be 
used as component parts of an sbp member as described 
above therefore include, in addition to VH and VL 
domains, V^Cjj, VjjCjjl, scFy fragments. Fab fragments and 
30 so on» 

Each said sbp member displayed at the surface of eui 
rgdp may be an antibody fragment comprising a Vj^ domain 
and a domain* 

Each antibody fragment may be a scFv fragment, a Fab. 
35 fragment, a Fv fragment consisting of the V^ and V^ 

domain of a single arm of an antibody, a single domain 
l>inding ligand consisting essentially of or comprising a 
heavy-chain variable domain (Fd), or any other fragment 
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wln.clv has the capability of binding an epitope or 
an'tigert. 

The step of providing a library of rgdps may 

comprise! , v, 

combining (i) a first polypeptide chain 
component pa^ of an sbp member fused to a component 
of a rgdp which thereby displays said fxrst 
po-lypeptide chain component part or population 
tt^eof at the surface of rgdps on expression in a . 
recombinant host cell organism, or a population of ^ 
such a first polypeptide chain component parr ru^«« 
1:o^^said^component^f^ggR^with.<iiy a second^ 
polypeptide chain component part of an sbp member or 
e population of such- a second polypeptide chain 
component part, to form a library of sbp m^ers 
displayed at the surface of rgdps; 

at least one of said first or second 
polypeptide chain component part or populations 
liiereof being encoded by nucleic acid which is 
capable of being packaged using said component of an 
rgdp. 

The step of providing a library of rgdp may 

corapri-set ^ „ 

expressing in a recombinant host organism a 

first polypeptide chain component part of an sbp 
^er or a population of such a first polypeptide 
chain component part, fused to a component of an 
xgdp which thereby displays said polypeptide chain 
component part at the surface of rgdps:; 

combining said first polypeptide chain 
component part or population ' with a second 
polypeptide chain component part of an sbp memberr or 
a population of such a second polypeptide chain 
con^onent part, to form a library of rgdps each 
displaying an sbp member ^t its surface, at • least 
one of said polypeptide chain component parts beong 
expressed from nucleic acid which is capable of 
being packaged using said component of an rgdp. 



Where the sbp member is an Fab fragment; the first 
and second polypeptide chain component part may be a 
polypeptide consisting of a V^^ and a domain, and the 
second polypeptxde chain component part a polypeptide 
consisting of a Vjj and a 0^1 domain. 

The combining of first and second polypeptide chain 
component parts or populations thereof may be at the 
nucleic acid level with expression vectors each having 
introduced therein a sequence encoding a first component 
part and a sequence encoding a sequence component part. 
On the other hand, the combining may be at the 
polypep_t4d^_leyel_ with first component parts not being 
expressed from the same vectors as second component 
parts. Indeed, one or other of the first and second 
component parts may be provided as a soluble library. 
Details of various formats which may be employed are 
given in WO92/01047 and PCT/GB92/00883. 

The step of providing a library may comprise: 

combining (i) nucleic acid which encodes a 
first polypeptide chain component of an sbp memtaer 
fused to a component of a rgdp or a population of 
such a first polypeptide chain component part fused 
to a component of a rgdp, with (ii) nucleic acid 
encoding a second polypeptide chain component part 
of an sbp member or a population thereof, to form a 
library of nucleic acid, nucleic acid of said 
library being capable of being packaged using said 
component of an rgdp; 

expressing in a recombinant host organism said 
first polypeptide chain component part fused to a 
component of a rgdp or population thereof and said 
second polypeptide chain component part of an sbp 
member or a population thereof, to produce a library 
of rgdps each displaying at its surface an sbp 
member and containing nucleic acid encoding a first 
and a second polypeptide chain component part of the 
sbp member displayed at its surface. 
Readers are urged to consult W092/01047, in 
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paartlcular. If further details. o£ any me-thod described 
herein are desired. 

In one en±iodinient: of the present invention both 
first and second polypeptide chain component parts or 
a populations thereof are expressed from nucleic acid 
capable of being packaged using: said component of an 
rgdp. This might be when the component parts together 
form a Fah fragment or, more usually ^ when each said sbp 
member displayed at the surface of an rgdp is an scFv 

10 antibody fragment. 

Jxi one embodiment, each said second polypeptide 
chain component part or popul^-tion thereof may be 
expressed from nucleic acid separate from"^uclei^ acid 
from which said first polypeptide chain component part or 

15 population thereof is expressed. The nucleic acid 

encoding the first polypeptide chain component part may 
be on the same expression vector as the nucleic acid 
encoding the second polypeptide chain component part^ Isut 
separate, from it so that, for example^ Fab fragments arfe 

20 produced. Alternatively, the nucleic acid encoding the 
first polypeptide chain component part may be on a ^ 
different expression vector from the nucleic acid which 
encodes a second polypeptide chain component part. Where 
a first and second polypeptide chain component part are 

25 both encoded on the same expresrsion vector then they may 
be expressed as scFv fragments^ where a VH domain is 
Joined to a VL domain by a polypeptide linker, so that 
each scFv is a single polypeptide chain. 

Each sbp member displayed at the surface of an rgdp 

30 is an Fab antibody fragment. 

The nucleic acid may be derived from> e.g. 
rearranged V genes of, an unimmunised mammal, for example 
a mouse, rat, rabbit, sheep, pig. horse, goat, dog or 
human. Preferably the species of maxmnal is. human, since 

35 it is most difficult to obtain antibodies which recognise 
Ci-e. bind specifically) human seif antigens. 

The nucleic adid may be derived from a library 
prepared by artificial or synthetic recombination of V- 
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gene segments, which may be germ-line V-gene sequences. 
The library may be totally synthetic. 

Sbp members selected in (b) displayed at the surface 
o£ rgdps may be selected or screened to provide an 
5 individual sbp member or a mixed population of said sbp 
members associated in their respective rgdps with nucleic 
acid encoding said sbp member or a polypeptide chain 
thereof. Rgdp phage displaying sbp members selected in 
(b) may be grown to increase their numbers before any 

10 subsequent further selection or screening. Nucleic acid 
which encodes a selected or seraened sbp member and which 
is derived from an rgdp which displays at its surface a 
selected or screened sbp member may be used to express an 
sbp member or a fragment of derivative thereof in a 

15 recombinant host organism. 

The present invention encompasses any method wherein 
nucleic .acid from one or more rgdps selected from the 
library by binding with a self antigen is taken and used 
to provide encoding nucleic acid in a further method 

20 ( according to any embodiment of the present invention or 
not ) to obtain an individual sbp member or a mixed 
population of sbp members, or encoding nucleic acid 
therefor* 

The expression end product, selected sbp member, niay 
25 be modified to produce a derivative thereof - 

The expression end product or derivative thereof may 
be used to prepare a therapeutic or prophylactic 
medicament or a diagnostic product. 

The present invention also encompasses antibody 
30 fragments, derivatives thereof, including whole 

antibodies and fusions with enzymes, obtained using any 
method described herein according to the present 
invention.. 

According to an aspect of the present invention, 
35 there is provided use, in any method according to any 

embodiment of the present invention described herein, of 
.a kit comprising a library of vectors each comprising 
nucleic acid which is capable of being packaged in rgdps 
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and wlilch encodes a polypeptide chain component part of 
an antibody for display at the surface of irgdps: 

There is also provided by the present invention use^ 
in any method according to any embodiment of the present 
5 ijivention described herein, of a k±t comprising a library 
of rgdps each containing nucleic acid encoding at least • 
one polypeptide chain component part of an antibody. 

The present invention provides generally a metho<5 
for producing a replicable genetic display package 
10 (rgdps) or population of such rgdps, which method 
con^rises the steps of: 

(a) inserting a nucleotide sequence encoding a 
binding molecule which is a member of a specific binding 
pair and an anti-self antibody, within a viral genome r 
15 (h) culturing the virus containing said nucleotide 

sequence so that said binding* molecule is expressed and 
displayed by the virus at its surf ace - 

The present invention also provides a method for 
selecting a rgdp specific for a particular self r antigen 
20 epitope which comprdLses producing a population of such 
rgdps and the additional step of selecting for said 
binding molecule which is an anti-self antibody by 
contacting the population with said epitope so that 
individual rgdps with the desired specificity may bind to 
25 • said epitope* The method may comprise one or more of the. 
additional steps of: ( i ) separating, any bound rgdps from 
the epitope; (xi) recovering any separated rgdps and 
(iiij usdLng the inserted nucleotide sequences from any 
-separated rgdps in a recombinant system tp produce the 
30 binding molecule separate dErom the virus.' The selection 
step may isolate the nucleotide sequence encoding the 
binding molecule of desired specificity, by virtue of 
said binding molecule being expressed in association with 
the surface of the virus in which said encoding nucleic 
35 acid is contained • 

The present invention also provides a' method of 
producing a multdlmeric member of a specific binding pair 
Csbp) which is an anti-self antibody, which method 
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comprises : . 

expressing in a recombinant host organism a first 
polypeptide chain of said sbp member or a genetically 
diverse population of said sbp member fused to a 
component of a secreted replicable genetic display 
package (rgdp) which thereby displays said polypeptide a.t 
the surface of the package, and expressing in a 
recombinant host organism a second polypeptide chain of 
said multimer and causing or allowing the polypeptide 
chains come together to form said multimer as part of 
said rgdp at least one of said polypeptide chains being 
expr ess ed from nucleic acid that is capable of being 
packaged using said component therefor, whereby the 
gBTiBtlc material of each said rgdp encodes a said 
15 polypeptide chain. 

Both said chains may be expressed in the same host 
organism. 

The first and second chains of said multimer mBy be 
expressed as separate chains from a single vector 
.containing their respective nucleic acid. 

At least one of said polypeptide chains (or 
polypeptide chain component parts) may be expressed from 
a phage vector. 

At least one of said polypeptide chains may be 
expressed from a phagemid vector, the method including 
using a helper phage, or a plasmid expressing 
complementing phage genes, to help package said phagemid 
genome, and said component of the rgdp is a capsid 
protein there,for. The capsid protein may be absent, 
defective or conditionally defective in the helper phage. 

Tile method may comprise introducing a vector capable 
of expressing said first polypeptide chain, into a host 
organism which expresses said second polypeptide chain in 
free form, or introducing a vector capable of expressing 
35 said second polypeptide in free form into a host organism 
which expresses said first polypeptide chain. 

Each Qf the polypeptide chain may be expressed from 
nucleic acid which is capable of being packaged as a rgdp 
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using said component; fusion product, whereby encoding 
■ nucleic acid for bot±i said polypeptide chains are 
packaged in irespectrive irgdps. 

The fusions may be expressed in the absence of tixe 
5 rgdp display component, perhaps capsid, expressed in 
wild -type form. 

The capsid protein may be absent, defective or 
conditionally defective in the helper phage. 

The host cell may be a mutator strain which 
10 introduces genetic diversity into the sbp member nucleic 
acid. 

The rgdp may be a bacteriophage, the host a 
bacterium, and said component of the rgdp a capsid 
protein for the bacterophage. The phage may be a 

15 filamentous phage. The phage may be selected from tlxe 
class I phages fd, M13, fl, Xfl, Ike, 2J/Z, Ff and the 
class II phages Xf , Pfl and Pf3-, The phage may be fd or 
a derivative of fd- The derivative may be tetracycline 
resistant. The said sbp member or polypeptide chain 

20 thereof may be expressed as a dEusioa with the gene IXX 

capsid protein of phage f d or its pounterpart in ano-tHex 
filamentous phage. The sbp member or polypep-tide chain, 
thereof may be inserted in the N- terminal region of t:he 
mature capsid protein dovmstream of a secretory leadeir 

25 peptide. ' The sequence may be inserted after amino acid 
+1 of the mature protein. The site for insertion may be 
flanked by short sequences corresponding to sequences 
which occur at each end of the nucleic acid ta be 
inserted. 

30 The host may be E,coli- 

Nucleic acid encoding an sbp member polypeptide may 
' be linked downstream to a viral capsid protein through a 
suppressible translational stop codon, so that under 
condi-tions where the stop is supressed fusion proteins 

35 are produced comprising sbp member polypeptide and v±x^l 
capsid protein, while under non-supressing conditions 
free form sbp member polypeptides are prociuced. 

Selection systems and assay formats are discussed 
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elsewhere in this text. In these systems and formats, 
the gene sequence encoding the binding molecule (eg. the 
antibody) of desired specif icitry is separated from a 
general population of rgdps having a range of specifies, 
5 by the faot of its binding to a specific target (eg the 
antigen or epitope). Thus the rgdps formed by said 
expression may be selected or screened to provide an 
individual sbp member or a selected mixed population of 
said sbp members associated in their respective rgdps 
10 with nucleic acid encoding said sbp member or a 

polypeptide chain thereof. The rgdps may be selected by 
affinity with a member complementaiy to said sbp member . 

Any rgdps bound to said second member may be 
recovered by. washing with an eluant. The washing 
15 conditions may be varied in order to obtain rgdps witb 
different binding affinities for said epitope. 
Alternatively, to obtain eg high affinity rgdps, the 
complementary member (eg an epitope) may be presented to 
the population of rgdps (eg pAbs) already bound to a 
20 binding member in which case pAbs with a higher affinity 
for the epitope will displace the already bound binding 
member. Thus the eluant may contain a molecule wbich 
competes with said rgdp for binding to the complementary 
sbp member. The rgdp may be applied to said 
25 complementary sbp member in the presence of a molecule 
which competes with said package for binding to said 
complementary sbp member. Nucleic acid derived from a 
selected or screened rgdp may be used to express said sbp 
• member or a fragment or derivative thereof in a 
30 recombinant host organism. Nucleic acid from one or more 
rgdps may be taken and used to provide encoding nucleic 
acid, in a further said method to obtain an individual sbp 
member or a inixed population of sbp members, or encoding 
.nucleic acid tberefor. The expression end product may be 
35 modified to produce a derivative thereof. 

A preferred source for the generation of diverse 
libraries from unimmunised humans is IgM mRNA. It is was 
found in example 43 of WO92/01047 that antibody fragments 
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directed against tuxkey egg lysojcyme and 

2 -phenyl- 5-oxazolone were much more readily isolated fx-am 
a phage library derived from the IgM mRNA from 
uninrniunised human donors^ than from one prepared from IgG 
5 mRNA. Furthermore, no 2-phenyl-5-oxazolone binding 

antibody fragments could be isolated from a library of 
2000000 phage antibody clones prepared from IgGmRNA of 
unimmunised mice (T.Clackson et al. Nature 352 
624-62a.l99I)- Examples 1 to 3 of this application show 

10 the isolation of antibodies specific for self antigen 
from the IgM library. Although in these samples, 
-antiself ^specif icities^have been selected as sing^ c^ain 
Fv fragments in a single replicoh format, antibody • 
specificities could be selected as Fab fragments in a 

15 single replicon format or in a dual combinatorial, dual 
replicon format (Hoogenboom et al, 1991 supra) for 
instance using recombination with the loxP system 
CPCT/GB92/00883 ) . 

Phage libraries may be prepared which are enrichetd, 

20 for antibodies directed against self. B lymphoc^ea 

express surface IgM and surface IgD before stimiilatiorx 
with antigen but express little soluble IgM or IgD. 
These unstimulated cells are more likely to contain 
antibody genes with anti-self specificities. In 

25 contrast, terminally differentiated plasma cells whictx 
secrete soluble antibodies express little sxirface 
dLmmunoglobulin. The preparation of cDNA for phage 
library preparation using primers which are specific for 
surface IgM or surface IgD will produce a repertoire of 

30 antibody genes enriched for the naive, unselected genes 
encoding V domains. In B lymphocytes which have been 
functionally silenced by exposure to self there are 
greatly reduced levels of surface IgM but unchanged 
levels of surface IgD (C-C.Goodnow et al. supra >. Hence, 

35 a primer specific for surface IgD may be particularly 
suitable :£or isolation of anti-self antibodies. 

However, as demonstrated in this application, XgM 
mRNA from unselected peripheiral blood lymphocytes is one 
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preferred source of V genes for antiself specificities. 
Other sources of such anti-self antibodies may be fet:al 
mRNA or cord blood mRNA (P.M.Lydyard at al Scand J 
Immunol 31 33-43, 1990). 
5 There is the potent:ial for making repertoires for 

phage display using the original combination of VH and VL 
domains by the use of PGR and linkage of the genes 
encoding 1:hem within cells expressing these domains. The 
principle of 'In cell PGR', where the original VH/VL 
10 pairing is maintained, was demonstrated in PCT/GB92/014a3 
and described in Embieton et al in Nucleic Acids Res . , 
20, 3831-3837, 1992. This may be particularly useful if 
lymphocytes can be selected at a stage before the 
deletion of clones expressing anti-self antibodies, 
15 In one embodiment of this invention, V gene 

sequences, or even libraries prepared by the synthetic 
recombination of V, D and J segments may be used. Tliese 
act as a rich source of anti-self antibodies- In 
examples 5 to 7, we demonstrate that anti-self 
20 specificities against TNF, human anti-rhesus D antibody 
(OAK3) and human thyroglobulin can be isolated from a 
phage antibody library prepared by the synthetic joining 
■ of V. D and J segments. The use of germ line V gene.s for 
this purpQse,. as shown in examples 5 to 7, should be 
25 valuable for the isolation of anti-self antibodies as 
there is some evidence that B lymphocytes directed 
against soluble self antigens are functionally silenced 
and those cLlrected -against multivalent membrane bound 
self antigen are eliminated (S.B.Hartley et al supra; 
30 D.M.Russell et al, supra). Thus, the use of synthetic 
libraries made by VH, DH, JH or VK,JK or VL,JL 
recombination in vitro or its equivalent may be 
particularly advantageous for isolation of antibodies 
directed against multivalent membrane bound self 
35 antigens. 

In examples 5 to 7 we have used synthetic VH CDR3 
segments incorporating sequences of random bases at the 
V-D-J joining region and linked them to germ line VH gene 
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segments. Other strategies may be used such as making 
each of the CDR loops of random sequence or making the 
CDR loops of known canonical structures (C. Chothia et 
al. Nature 342 877-893, 1989) and incorporating random 
5 sequence elements. The germ Xine nature pf the V and J 
segments could be altered by incorporation of specific or 
random alterations to the sequence or by using 
soraaticaily mutated V gene regions- The strategy used in 
examples 5 to 7 has the adv3ntage that the loop 

10 structures of the V gene segments form only a limited 
number of distinct folds and csoabinations of folds (G. 

. . Chothia fiLt ^ J, ^l-^_ Biol. 22^779-&17, 1992) and have 
presumabiy evolved for stability and to create a 
distribution and range of binding sites well suited to 

15 match the structure of antigens. Moreover, the framework 
regions and first two hypervariable loops of both heavy 
and light chains of the synth&tic human antibodies are 
likely to be identical in many different individuals. 
Such synthetic human antibodies could be less immunogenic 

20 than entirely artificial structures. 

A. further but less preferred alternative to the . 
above natural and synthetic phage display libraries would 
be to prepare random mutagenesis libraries displayed on 
phage, derived from one or a few human antibody molecules 

25 and selecting anti-self antigen specificities from these. 
SELECTION 

individual rgdps eg pAbs expressing the desired 
specificity for an antigen, can be isolated from a 
30 library using the conventional screening techxiiques (e.g. 
as described in Harlow, E., and Lane, D.-, 1988, supra 
Gherardir E et al. 1990. J. Immunol, meth. 126 p61-68) . 

The applicants have also devised selection 
techniques that are practicable because of the unique 
35 properties of rgdps. The general outline of some 

screening procedures is illustrated in Figure 5 using 
pAbs as an example type of rgdp. 

The population/ library of pAbs to be screened could 
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be genera-ted from inununised or other animals; or be 
created in vi-tro by mutagenising pre-existing phage 
antibodies (using techniques well-taiown in the art such 
as oligonucleotide directed mutagenesis (Sambrook, J., et 
5 al., 1989 Molecular Cloning a Laboratory Manual, Cold 
Spring Harbor Labora-Cory Press) but: are preferably 
derived from unimmunised humans or artificial 
recombination of human V segments^ as described 
elsewhere • This population can be screened in one or 

10 more of the formats described below with reference to 

Figure 5,- to derive those individual pAbs whose antigen 
binding properties are different from sample c- 
Bindihg^Erution 

Figure 5(i) shows antigen (ag) bound to a solid 

15 surface (s) the solid surface (s) may be provided by a 

Petri dish, chromatography beads, magnetic beads and the 
like. The population/library of pAbs is then passed over 
the ag, and those individuals p that bind are retained 
after washing, and optionally detected with detection 

20 system d- A detection system based upon anti-fd ant±sera 
may be used (see, for instance. Example 4 of W092/G1047). 
If samples of bound population p are removed under 
increasingly stringent conditions, the binding affinity 
represented in each sample will increase. Conditions of 

25 increased stringency can be obtained, for example, by 

increasing the time of soaking or changing the pH of the 

soak solution, etc. 

Competition 

Referring to figure 5(ii) antigen ag can be boxand to 
30 a solid support s and bound to saturation by the" original 
binding molecule c. If a population of mutant pAb (or a 
set of unrelated pAbs) is offered to the complex, oniy 
those that bave higher affinity for antigen ag than c 
will bind^ In most examples, only a minority of 
35 population c will be displaced by individuals from 

population p. If c is a traditional antibody roolecuXe, 
all bound material can be recovered and bound p recovered 
by infecting suitable bacteria and/or by use of standard 
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teclmiques such as PGR. ^ ^ 

advanl:agecus applicatxoa xs where - 

.1 ttie corresponding ligand. The recover 
recep1:or and c "Che cor^ s^^uolniralXy 1:o the 

bound population p xs "then ^^^^ 

5 receptor binding sit^/and or Ixgand 

specificity is known to he very useful xn the 

pharmaceutical industry ^^^^^ i^- ax. 

mother -™--^^^/^^^r:i^_ed hound 
^^T?or: L tLrr a::;i-rdiotype antihody Which have 
^" ;™er=us us^ m research and rhe axagnos... 

At present It is diff :l _ abilil:? to 

^ti-ldiot^e antibodies. pAbs -^^^ ^ 
^ *->,4= fl-LToci-lv by binding pAb librarxes \.bu 

i^fS and isolating «.=se phage «>at bound weli. 

so™ instances it 
select population p. .or e>.»ple, in ^ ^^"^ 
20 e«„PXe above. P oan be absorbed agai^- - related 

- r aT^.*^er:C or both c an. . 
However, if = " a P ^ 
oan advantageously be marked in 

. distinguish - ra«:irhr pre-la^nn. P 

marking can be physxcal, ror t- 

■ Ttb blotin. or ^re — '»-^^;3C::!;tir sit«. 
e,a«ple. c oan be »ar^d with - ,,ta Csee 

whilst P can be mar,«d with an ^^^^ 4431-4443,. 

p. et al. , 1985. N^l. to ' 

30 When bound p.c are eluted ^» the ^^^^ 

suitable ^^- ^^^^ "ooB restricting 
no growth) °^ 't^-pbage that grew, would be 

bacteria in th:LS e«a>nple). /^J^^^ higher 

35 bindxng affxnities. ax gequences, which 

H-a achieved by marking p wxth new sen 
can be achxevea y mixture 
can be used to specifically amplify P. cro 

using PCR. 
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Since the bound pAbs can be amplified using for 
example PGR. or bacterial infection, it is also possible 
t;a rescue the desired specificity even when insufficient 
individuals are bound to allow detection via conventional 

5 techniques . 

The preferred method for selection of a phage 
displaying a protein molecule with a desired specificity 
or affinity will often be elution from an affinity matrix 
with a ligand. Thus, self antigen or fragments thereof 
10 may be used to elute specific phage antibodies from self 

, . . . .. ..+L..«_»r=.nj»» .-t-V^o hnmolo.CTOUS 

antigen bound to a ma-criit. aj. vw^j , 

antigen from a different species may b e bou nd to a ^ 

matrix, a phage antibody library bound; and phage ^ 

antibodies specific for the self antigen may be eluted 

15 using self antigen. For instance, a bovine antigen taay 
be bound to the matrix; a human phage antibody library 
bound and human antigen used for elution. Antiself 
antibodies thus isolated will be specific for epitopes 
shared between the bovine and human antigens. A further 

20 but less preferred alternative may be to bind the phage 

non-specifically to a column and elute with self ant±gen. 
For instance, if a Fab phage library is bound to an anti- 
Fab affinity column, it may be washed at a pH which does 
not elute ^on-specif ic phage and then washed with 

25 solution which is the same except it contains self 

antigen, eluting by virtue of the higher affinity for the 
mobile phase of phage expressing antibodies against the 

self antigen. 

For each of these formats elution with increasing 

30 concentrations of ligand should elute phage displaying 

binding molecules of increasing affinity. However, when 
eg a pAb binds to its antigen with high affinity or 
avidity (or another protein to its binding partner) it 
may not be possible to elute the pAb from an affinity 

35 matrix with molecule related to the antigen. 

Alternatively, there may be no suitable specific eluting 
molecule that can be prepared in sufficiently high 
concentration. In these cases it is necessary to use an 
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eaution method which is not specific to eg the antigen- 
antibody complex. some of the non-specific elution 
methods generally used reduce phage viability for 
instance, phage viability is reduced with time at pH12 
CRossomando, E.F. and Zinder N,D:. J. Mol.Biol. 36 387-399 
1968). There may be interactions between eg- antibodies 
and affinity matrices which cannot be disrupted without 
completely removing phage infectivity. In these cases a 
method is required to elute phage which does not rely on 
disruption of eg the antibody - antigen interaction. A 
Method was there-fore devised which aHows elution of 
bound pAbff under mild con^ionsj reduction of a dithiol 
group^l^ith^dithiothreitoiy^hich do not disrupt7 phage 
structure (Example 47 of W09 2/01047). 
15 The method of mild elution uses binding of the ptiage 

antibody population to biotinylated antigen and binding 
to streptavidin magnetic beads. Following washing to 
remove non-binding phage, the phage antibody is eluted 
and used to infect cells to give a selected phage 
20 antibody population. A disulphlde bond between the 

biotin and the antigen molecule allows mild elution with 
dithiothreitol. A particularly advantageous way of 
performing this selection is to. use biotinylated antigen 
in excess but at or below a concentration equivalent to 
25 the desired dissociation constant for the antigen- 
antibody binding. This method is advantageous for tHe 
selection of high affinity antibodies (R.E. Hawkins, S. J. 
Russell and G. Winter J.Mol.Biol. 226 889-896, 1992). 
Antibodies may also be selected for slower off rates for 
30 antigen selection as described in (R.E. Hawkins et al, 
1992 supra). The concentration of biotinylated antigen 
may gradually be reduced to select higher affinity pliage 
antibodies. As an altemative> the phage antibody may be 
in excess over biotinylated antigen in order that phage 
35 antibodies compete for binding, in an analagous - way to 

the competition of peptide phage to biotinylated antibody 
described by J-K. Scott 6 G.P. Sjnith (Science 249 386- 
390, 1990). 
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ThijS elution procedure is just one example of an 
elutrion proceciure under mild conditions. A particularly 
advantageous method would be to introduce a nucleotide 
sequence encoding amino acids constituting a recognition 
5 site for cleavage by a highly specific protease between 
the foreign gene inser-ted, in this instance a gene for an 
antibody fragment, and the sequence of the remainder of 
gene III. Examples of such highly specific proteases are 
Factor X and thrombin. After binding of the phage to an 

10 affini-ty ma-trix and elution to remove non-specific 

binding phage and weak binding phage, the strongly bound 
phage would be removed by washing the column with 
protease vinder conditions suitable-^f or^^digestion at the 
cleavage site. This .would cleave the antibody fragment 

15 from the. phage particle eluting the phage. ' These phage 
would be expected to be infective, since the only 
protease site should be the one specifically introduced. 
Strongly binding phage could then be recovered by 
infecting eg. E.coli TGI cells, 

20 An alternative procedure to the above is to take the 

affini-ty matrix which has retained the strongly bounci pAb 
and ex-tract the DNA, for example by boiling in SDS 
solution. Extracted DNA can then be used to directly 
transform E.coli host cells or alternatively the antibody 

25 encoding sequences can be amplified, for example using 

PGR w±t:h suitable primers such as those disclosed herein, 
and then, inserted into a vector for expression as a 
soluble antibody for further study or a pAb for furtlier 
rounds o£ selection. 

30 Another preferred method for selection according to 

affinity would be by binding to an affinity matrix 
containing low amounts of ligand. 

If one wishes to select from a population of phages 
displaying a protein molecule with a high affinity for 

35 its ligand, a preferred strategy is to bind a population 
of phage - to an affinity matrix which contains a low 
amount of ligand. Ttiere is competition between phage, 
displaying high affinity and low affinity proteins, for 
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binding to the ligand on the matrix. Phage displaying 
high affinity protein is preferentially bound and low 
affinity protein is washed away. The high affinity 
protein is then recovered by elution with the ligand or 
by other procedures which elute the phage fitam the 
affinity matrix (Example 35 of W09 2/01047 demonstrates 
this procedure ) . 

In. summary then, for recovery of the packaged DNA 
from the affinity step, the package can be simply eluted, 
it can be eluted in the presence of a homologous sbp 
member which competes with said package for binding to a 
complementary sbp mem ber; it could be removed by boiling, 
it could be removed by proteolytic cleavage of the 
protein; and other methods will be apparent to those 
15 skilled in the art eg. destroying the link between the: 
substrate and complementary sbp member to release said 
packaged DNA and sbp member. At any rate, the objective 
• is to obtain the DNA from the package so- that it can be 
used directly or indirectly, to express the sbp member 
20 encoded thereby. 

The efficiency of this selection procedure for pAbs 
and the ability to create very large libraries means tiiat 
■me immunisation techniques developed to increase the. 
proportion of screened cells producing antibodies of 
25 interest will not be an absolute requirement. The 
technique allows the rapid isolation of binding 
specificities eg antigen-binding specificities, including 
those that would be difficult or even unobtainable by 
conventional techniques, for example, catalytic or anti- 
idiotypic antibodies. Removal of the animal altogetlier 
is now possible, once a complete library Of the immune 
repertoire has been constructed 
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Applications of antibodies to self ant igens 

Human antibodies to cell surface components The 
isolation of such antibody specificities would be 
particularly useful for preparing agents which mediate 
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cell killing for instance of cancer cells, for example 
using the natural effector function of antibodies. 
Anti-self antibodies may also be valuable in the 
preparation of diagnostic in vivo imaging reagents, for 
5 instance using radioisotopes. 

Antibodies directed against cell surface componentrs 
of specific T-cell subsets could be used therapeutically 
(D. Wraith et al Cell 57 709-715,1989; L.Steinman and 
R.Mantegazza FASEB J. 4 2726-2731,1990), for instance "to 
10 prevent T cell action causing rheumatoid arthritis. 

Human .antibodies modifying the function of self molecxiles 

Antibodies can be isolated which modify the action 
of self molecules such as hormones, growth factors and 
15* receptors through their binding to a specific epitope on 
the molecule. Multifunctional proteins may have both 
desirable and undesirable characteristics, particularly 
• if they are used therapeutically. For instance, the 
lymphokine TNF (tumour necrosis factor) binds to, at 
20 least two different classes of cell receptors- one 

commonly found on vascular endothelial cells, the other 
commonly found on tumoxir cells. A mouse antibody to TNF 
has been made which prevents TNF from binding to 
endothelial cell receptors while still allowing it to 
25 bind to tumour cells thus allowing attack on the tumours 
without toxic side effects mediated through endothelial 
cells (Patent application PCT/AU90/00337 ) . For 
therapeutic use of antibody modifiers of hormone or 
growth factor molecules, it would be preferable to have a 
30 human antiibody specificity isolated directly through 
selection from a phage library - 

Human anti-idiotypes 

Anti-idiotype antibodies (antibodies directed 
35 against the antigen combining sites formed by the 

variable domains of human antibodies ) are conventionally 
made by isolating an antibody against an antigen and then 
using this isolated antibody as an immunogen to raise 
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antibodies directed against it. If the original antibody 
is directed against a Iionnone or growth factor, the 
relationship between antigen and antibody combining s±tes 
means that the anti-idiotype may mimic in some aspects 
5 the hormone or growth factor and bind to the receptor 
for these molecules. However^ the fraction of 
anti-idiotype antibodies able to mimic the binding of the 
hormone to the receptor would be expected to be small , 
Furthermore, the deletion of antiself lymphocytes would 
10 mean that usdLng the conventional route to antiidiotypes 
would be difficult for the isolation of human 
anti- i diotype antibo d ies mimicking mo lecules_ binding ^ 
human receptors. In this application we 6how that 
antibodies directed against the antigen combining sites 
15 formed by the variable domains of human antibodies may be 
directly isolated from phage antibody display libraries^ 
as shown in examples 1 and Ar and it should also be 
possible to identify the anti-idiotypic antibodies 
mimicking the binding of the hormone directly by 
20 screening for binding to the receptor,, 

Anti-idiotypes may also be useful for the treatment 
of autoimmune disease. They could be used to bind to 
circulating autoantibodies. However, it may be 
preferable to attack directly antibody producing cells, 
25* for instance using a bispecific antibody directed aga.inst 
a cell surface marker as well as an anti-idiotype 
specificity- Alternatively, plasmaphoresis could be used 
to remove cdLrculating antibody and the cells treated 
directly. 
30 - 

Human antibodies against receptors 

Human antibodies that bind to receptors, blocking or 
antagonising ligand function could be selected directly 
fron a phage library displaying antibodies derived frxjm 
35 an unimmunised donor. 

Human antibodies to prevent transplant rejection 
Antibodies directed against the major 
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histocompatibility complex proteins could be used to 
treat patients following transplants, or organs prior to 
transplantation, in order to prevent rejection. 
Antibodies directed against several lymphocyte cell 
surface markers have been used for the prevention of 
rejection in transplants e.g. CD45, CD3, CD4, CDS and 
interleukin-2 receptor. Example 3 shows that human 
antibodies against CD4 can be directly isolated from 
phage display libraries. 



Human a ntibodies against cytokines 

-^-^ ^"^^" antibodles-against cytokines would be valuab 
for treatment of human disease, for example of septic 
shock with anti-TNF and anti-interleukln 1 antibodies. 
15 Examples 1 and 6 show that human antibodies against TNF 
can be isolated directly from phage antibody libraries 
derived from unlmmunised humans or the synthetic 
recombination of V,D and J fragments. in many cases 
these c^okine molecules are strongly conserved between 
species, for instance transforming growth factor- p 
{TGF-p>., and it has proved difficult to isolate 
antibodies directed against the human molecule even in 
mice-. The isolation of human anti-self antibodies as 
described in this invention provides a method of 
25 obtaining human antibodies with such a specificity. 

Human antibodies for d iagnosis and treatment of cardiac 
disorders 

Human antibodies against clot components e.g. 
fibrin, would be useful for imaging clots when labelled 
with radioactivity or for dissolving clots, if for 
•example linked to a clot dissolving enzyme such as 
urokinase. 

35 Antibod ies triggering receptor function 

Antibodies may be selected that bind to a cell 
receptor and trigger a biological response in the cell. 
This is described in more detail below and in Example 8 
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a&scr±h&s -the isolation of such. ant:S±)odies . 

By cycles of growth and selection, those rgdps 
binding to the cell receptors are isolated. Some of 
these rgdps encode binding specificities with the 
5. potential (alone or in combination with other binding 
specificities) to trigger tbe receptors. These binding- 
specificities are tested alone, or in combination, for 
triggering the cell receptors. 

There are a variety of cell receptors in which the 

IQ binding of a ligand. for example hormone, growth factor, 
or peptide triggers a biological event, for example the. 
activation =of-tyrosine kinase, activity, or the:Opening_pf 
an ion channel. The rdgps could be selected for binding- 
to cell receptor (or a related receptor with conserved 

15 portions of surface such as from another species), for 
example by using cells displaying the cell receptor, or 
using soluble receptor immobilised on solid phase, or 
using domains or peptide epitopes of the receptor. 
Ideally the receptor would be provided in a cro^linked 

20 form (as required for its -triggering). 

Triggering of receptors at the cell surface often 
seems to involve the relative movement of proteins or 
subunits. For example, in the neurotransmitter-gated 
receptors, ttie. five isubunits that are arranged 

2S symmetrically in the membrane place, delineate an ion 

pathway down the centre. Binding of the . neurotransmitter 
is thought to alter the size of the central ion channel 
by causing small rearrangements between the subunits in 
an allosteric transition. For tyrosine kinase receptors, 

30 the ligand appears to drive receptor oligomerisation. 
Thus antibodies with binding speciftci-ties directed 
against a receptor may have the potential to promote an. 
allosteric change or to promote oligomerisation. The 
oligomerisation of the receptors may also be promoted by 

35 using bivalent or bispecific antibodies. 

The soluble antibodies or antibody fragments may be 
monovalent fragments, for example, single chain Fy 
fragments or Fab fragments,, or bivalent fragments, fox 
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example, Fab2 or complete antibody fragments. The 
bivalency could also be promoted in other ways, for 
example (1) by encoding a tag, such as a peptide or 
protein (for example, the subunit of a dimeric protein) 
5 that self associates, at the N or C-terminus of the 

monomeric fragment, (2) xising a bivalent antibody that 
binds to the monovalent fragment, for example, to a 
common C— terminal tag, or to an antibody constant domain 
(3) chemical cross-linking, 

10 Bispecific antibody or bispecific fragments could 

also be made as for the bivalent fragments. (For 
expression of 1:he bispecifi c a ntibody or fragment in the 
same cell, the genes encoding both specificities would 
need to be introduced together). The different antit^ody 

15 "arms" could be directed against the same receptor, for 
example to different epitopes, or to two different 
receptors ( to trigger hybrid receptors ) . 

Tbe direct isolation of anti-self antibodies from 
phage libraries as described in this invention is 

20 Important to allow a large number of antibodies to be 
surveyed for these triggering receptors. 

It is appropriate to distinguish the making of 
antibodies to trigger receptors as is described here and 
provided as an aspect of the present invention from "the 

25 "anti-idiotypic route" in which specific antibodies 

raised in an animal, including man, by vaccinating tii-e 
said ^animal with a specific antigen are themselves used 
to vaccinate another animal, new antibodies termed anti- 
idiotypic antibodies (Anti-Ids) being produced able t:o 

30 recognise and bind to the first set of antibodies. Some 
species of these Anti-ids are able to mimic the specific 
biological properties of the original antigen- If for 
example, the antigen were a peptide hormone or a cell 
receptor, the Anti-Id to the hormone or cell receptor 
. 35 antigen is able to elicit a response of the cell (See 

Gaulton, G.N- and Greane, M.I., 19B6. Idiotypic mimicry 
of biological, receptors. Ann. Rev. Immunol, 4,253-280; 
Sege, K. and Peterson, P-A., 1978. Use of anti- 



wo 93/11236 



PCT/GB92/02240 



30 

idiotypic an-tibodies as cell surface receptor probes. 
. proc- Natl. Acad. Sci. Usa, 75> 2443-2447 for examples ) . 

The essence of current teaching of Anti-Ids as 
mimics of antigens is that they are produced as a result 
5. of constructing antibodies to antibodies of the original 
antigen • There is however^ some controversy over whetlier 
such anti-idiotypes accurately mimic the original antigen 
(S.J. Davis et al Nature 358 76-79^ 1992). 

There is therefore a clear distinction between 
10 antibodies prepared by an anti-idiotr^ic route that mimic 
antigens such as growth fafctors or hormones, and 
antibodies that are made directly to the receptors: to 
trigger the receptors. The antibodies derived by an 
anti -idiotypic route require the antigen (hormone, growth 
15 factor) and will bind to the same epitope on the receptpr 
as the hormone, while the antibodies derived by binding 
to the receptors need not bind to the same epitope to 
trigger the receptor. Indeed such antibodies need not 
mimic a known hormone or growth factor, as their 
20 specificity, or binding to receptor (characterised as 
epitope, on-rate or off-rate) or blood clearance is 
likely to differ. The process for making the antibodies 
is also quite different. Anti-idiotypic antibodies ar:e 
made classically by immunisation of animals, although 
25 they can be isolated directly from phage display 

libraries as described above.. Antibodies directed 
against self receptors are. made by selection from v-gene 
libraries (as described above).. 

. As well as the advantages over the anti-idiotypic 
30 route, the antibodies derived directly by receptor 

binding may even have advantages over the natural hormone 
or growth factor. Thus receptors that are defective fox- 
binding of the natural hormone or growth factor (for 
example in a genetic disease), may be triggered by an 
35 antibody binding at a different epitope. 

As therapeutic agents the various isotypes of 
antibodies or fragments of antibodies carrying- the 
variable regions responsible for the specificity of tine 
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molecule have a number of properties having advantages 
over the bioactive moiety they mimic. For example, 
unlike the natural hormones their half-life in 
circulation can be modified readily. Depending on t^ie 
5 antibody isotype or fragment chosen, they have half- lives 
in circulation in a patient ranging from minutes to 
several weeks. If long term usage or short texrm 
clearance is required this can easily be accommodated by 
choosing the appropriate antibody isotype without need to 
10 use slow release devices as implants, or continuous 
intravenous infusion,, etc. 

Furthermore, many hormones or tissue growth factors 
- or antigens in general are functio^^^ 
different epitopes of each of the molecules having 
15 various specific functions. Clones of antibody mimics 
• are monof unctional in this respect so could be used to 
produce one specific biological effect of a hormone 
without e second effect which latter effect may be 
disadvantageous to the patient. Thus the lymphokine TNF 
20 (tximour necrosis factor) binds to two different classes 
of cell receptors - one common on vascular endothelial 
cells, the other common on tumour cells. If the TNF ±s 
modified so that it cannot bind to the endothelial cell 
receptors but can still bind to tumour cell receptors, 
25 the tumours are attacked without at the same time 

inducing the very toxic side effects mediated through the 
vascular receptors. (This is described in Australian 
Patent Application PCT/AU9 0/00337 ) . An antibody mimic 
able to recognise the tiimour cell receptor would be 
30 expected to be very specific and kill tumour cells 

without indLucing toxic side effects mediated through the 
vascular endothelium since it would have no resemblance 
to the TNF epitope which binds to receptors on the 
latter. 

35 
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TERMINOILOGY 

. Mucli of -the -temd-nology discussed in "this secrtion 
lias been men-tioned in the t:eaj;t: wtieire appropiriate. 

5 

Self 

A self an-tigen is an antigen or epitope which Is 
capable of binding to an antigen binding site formed fay 
antibody variable domain(s) and which is conserved 
10 between members of a species of anijnal and native to t:he 
body* 

The inmiiine system tries to avoid making antibodies 
"to self-antigensT It has been^suggested that (i)^^"^ 
sequences of germ line V gene segments have been evolved 
15 under pressure to be directed towards foreign^ e*g., 

pathogen^ antigens and epitopes^ and away from being able 
to provide antibodies which will bind self antigens, and 
(ii) that, in addition to this^ immune tolerance causes 
those combinations of gene segments encoding .anti-self 
20 antibody which do arise, to be deleted pr anergised. 
Consequently^ there are not normally circulating 
antibodies against these antigrens except in disease 
states, eg autoimmune diseases, A self antigen may be 
one whic h does not vary between dLndividuals of a speciLes- 
25 A self antigen may be one for which there is normal 

allelic variation throughout a population. Immunisatxon 
of one individual in a species with a self antigen would 
not normally be expected to result in generation, or 
detection, of antibodies to the antigen, except perhaps 
30 when tolerance is deliberately brofcen* Antibodies to a 
self-antigen may only be present in an individual who xs 
suffering from autoimmune disease. On the otheir hand^ 
there are some self antigens to which circulating 
antibodies can be found in a sub-population of normal 
35 individuals of a species. 

A self antigen may be an- antigen recognised by B— 
cell surface antibodies but not by antibodies which can 
be found circulating. It might not be possible to de-fcect 
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or obtain circulating antibodies to a self antigen except 
perhaps when the individual is suffering from an 
autoimmune disease or syndrome. 

An anti-self antibody or antibody fragment is an 
antibody or fragment thereof which has binding 
specificity for a self antigen. It may recognise an 
epitope which is found only on a self antigen, or it may 
be cross-reactive with an antigen which individuals of 
the species will recognise as foreign- The present 
invention is particularly well suited to the production 
and isGlati-on of antibody fragments which bind only a 
self antigen. 

Specific Binding Pair 

15 This describes a pair of molecules (each being a 

member of a specific binding pair) which are naturally 
derived or synthetically produced. One of the pair of 
molecules,, has an area on its surface, or a cavity wtiich 
specifically binds to, and is therefore defined as 

20 complementary with a particular spatial and polar 

organisation of the other molecule, so that the pair have 
the property of binding specifically to each other. 
Examples of types of specific binding pairs are antigen- 
antibody, biotin-avidin, hormone -hormone receptor, 
25 receptor-ligand, enzyme- substrate, IgG-protein A. 

Multimeric Member 

This describes a first polypeptide which will 
associate with at least a second polypeptide, when t^e 
polypeptides are expressed in free form and/or expressed 
on the surface of a substrate. The substrate may be 
provided by a bacteriophage. Where there are two 
associated polypeptides, the associated polypeptide 
complex is a dimer, where there are three, a trimer etc. 
3.5 The dimer, trimer, multixner etc or the multimeric member 
may comprise a member of a specific binding pair. 

Example multimeric members are heavy domains based 
on an immunoglobulin molecule, light domains based on an 
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inununoglobulin molecule, T-cell receptor sufaunits- 

Re pllcable Genetic Display P aekaoe fRqdp) 

. This describes a biological particle which has 
5 genetic information providing the particle with the " 
ability to replicate. The particle can display on its 
surface at least part of a polypeptide. The polypeptide 
can be encoded by genetic information native to the 
particle and/or artificially placed into the particle or 
10. an ancestor of it. The displayed polypeptide may be any 
member of a specific binding pair eg. heavy c iight 
^ain d^ins^ased an i^unoglobulin^^^^^^^ an 

enzyme or a receptor etc. 

The particle may be a virus eg. a bacteriophage such 

15 as fd or M13- 
Package 

This describes a replicable genetic display package 
in which the particle is displaying a member of a 
20 specific binding pair at its surface, ^e package may be 
a bacteriophage which displays an antigen binding domain 
at its surface. This type of package has been called a 
phage antibody ( pAb ) - 

25 Antibody 

This describes an immunoglobulin whether natural or 
partly or wholly synthetically produced. The term also 
covers any protein having a binding domain which is, or 
is homologous to, an immunoglobulin binding domain. 
30 These proteins can be derived front natural sources, or 
paartly or wholly synthetically produced. 

Example antibodies are the immunoglobulin isotypes 
and the Fab, F(abl)2. soFv, Fv, dAb, Fd fragments. 

35- Immunocrlobulin S uperfamily 

This describes a family of polypeptides, the members 
of which have at least one domain with a structure 
related to that of the variable or constant domain of 
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Immunoglobulin molecules. The domain contains two p- 
sheets and usually a conserved disulphide bond (see A,F. 
Williams and A.N. Barclay 1988 Ann, Rev Immunol. 6, 381- 
405 ) . 

5 Example members of an immunoglobulin superf araily are 

CD4, platelet derived growth factor receptor (PDGFR)> 
intercellular adhesion molecule. (ICAM). Except where 
the context otherwise dictates, reference to 
immunoglobulins and immunoglobulin homologs in this 
10 application includes members of the immunoglobulin 
superf ami ly and homologs thereof . 

Homologs . " _= _ _ 

This term indicates polypeptides having the same or 
15 conserved residues at a corresponding position in their 
primary, secondary or tertiary structure. The term also 
extends to two or more nucleotide sequences encoding the 
. homologous polypeptides - 

Example homologous peptides are the immunoglobulin 
20 isotypes and the TIM barrel enzymes - 

Functional 

In relation to a sbp member displayed on the suirface 
of a rgdp, means that the sbp member is presented in a 
25 folded form in which its specific binding domain for it:s 
complementary sbp member is the same or closely analogous 
t:b its native configuration, whereby it exhibits similar 
specificity with respect to the complementary sbp member. 

30 • 

Genetically diverse population 

In connection with sbp members or polypeptide 
■components thereof, this is referring not only to 
diversity that can exist in the natural population of 
35 cells or organisms, but also diversity that can be 
created by artificial mutation in vitro or in vivo . 

Mutation in vitro may for example, involve random 
mutagenesis using oligonucleotides having random 
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mu-talrions of the sequence desixed to be vaaried. In vivo 
mutagenesis may for example, use mutator strains of host 
microorganisms to harbour the DMA (see Example 38 of WQ 
92/01047). l^he words "unique popxilation'^ may be used to 
denote a plurality of eg polypeptide chains which are not 
genetically diverse, ie they are all the same^ A 
restricted population is one which is diverse but less so 
thatn the full repertoire of an animal or a library,- 
synthetic or otherwise. The diver3ity may have been 
reduced by prior selection, eg using antigen binding 
specificii^. 



Domain . 

A domain is a part of a protein that is folded 
15 within itself and independently of other parts of the 

same protein and independently of a complementary binaing 
member. A folded unit is a specific combination of a a- 
heliac and/or p-sheet structure* Domains and folded units 
contain structures that bring together amino acids that 
20 are not adjacent in the primary structure. 
Free Form 

This describes the state of a polypeptide which ±s 
not displayed by a replicable genetic display package ^ 

25 Conditionally Defective 

This describes a gene which expresses a defective 
polypeptide under one set of conditions, but expressed a 
different but' related non-defective polypeptide under 
another set of conditions. An example. Is a gene 

30 containing an amber mutation expressed in non-suppressing 
or suppressing hosts respectively. 

Alternatively, a gene may express a protein wliich is 
defective under one set of conditions, but not under 
another set. An example is a gene with a temperature 

35 sensitive mutation. 



' Suppressible Translatlonal Stop Codon 

This^ describes a codon which allows the translairion 
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of nucleotide sequences downstiream of the codon under one 
set of conditions, but under another set of conditions 
•translation ends at the codon. Example of suppressiJole 
translational stop codons are the amber, ochre and opal 
5 codons . 

Mutator Strain 

This is a host ceil which has a genetic defect which 
causes DNA replicated within it to be mutated with 
10 respect to its parent DNA, Example mutator strains are 
NT^9G46mu-tE)5 and mut Tl (see Example 3S of 

W092/01047 ) . 
^ ^Helper Phage 

This is a phage which is used to infect cells 
15 containing a defective phage genome and which functions 

to complement the defect. The defective phage genome can 
be a phagemid or a phage with some fvmction encoding gene 
sequences removed. Examples of helper phages are M13K07, 
M13K07 gene XII no. 3; and phage displaying or encociing 
20 a binding molecule fused to a capsid protein. 

Vector 

This is a DNA molecule, capable of replication in a 
host organism, into which a gene is inserted to construct 
25 a recombinant DNA molecule. 

Phage Vector 

This is a vector derived by modification of a phage 
genome, containing an origin of replication for a 
30 bacteriophage, but not one for a plasmid. 

Phagemid Vector 

This is a vector derived by modification of a 
plasmid genome, containing an origin of replication for a 
35 i>acteriophage as well as the plasmid origin of 
replica*tion. 



Secreted 
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This describes a rgdp or molecule that associates^ 
with the meniber of a sfap displayed on the xgdp^ in which 
the sbp member and/or the molecule, have beea folded and 
the package assembled externally to the cellular cytosol. 

5 

Repertoire of Rearranged. Xmmtmoqlobulin Genes 

A collection of naturally occurring nucleotides eg 
DNA sequences which encoded expressed immunoglobulin 
genes in an animal • The sequences are generated by tlie 
10 in vivo rearrangement of eg D and J segments for H 
chains and eg the V and J segmenl^ for. L ehs-ins* 
Alternatively the sequences may be generated from a cell 
^~ line immuniied ^ vitro ^andTS \^icl^he ^earrangiment: in 
response to immunisation occurs intracellular ly. 

15 

Library 

A collection of nucleotides eg ONA sequences withixx 
clones; or a genetically diverse collection of 
polypeptides, or specific binding pair members or 
20 polypeptides or sbp members, which ere displayed on rgdps 
capable of being selected or screened to provide an 
individual polypeptide or sbp member or a mixed 
. population of polypeptides or sbp members. 

25 Repertoire of Artificially Rearranged Immu noglobulin 
Genes 

A collection of nucleotides eg DNA sequences derived 
wholly or partly from a source other than the rearrangeci 
immunoglobulin sequences from an animal. This may 
30 include for example, DNA sequences encoding VH domains by 
combining unrearranged V segments with D and J segmerxts. 
and DNA sequences encoding VL domains by combining V and 
J segments. 

Part or all of the DNA sequences may be derived by 
35 oligonucleotide synthesis. 

Secretory Leader Peptide 

This is a sequence of amino acids joined to the N- 
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terminal end of a polypeptide and which directs movement 
of the polypeptide out of the cytosol. 

Eluant 

5 This is a solution used to breakdown the linkage 

between two molecules. The linkage can be a non- 
covalent or covalent bond(s)- The two molecules can be 
members of a sbp • 

10 Derivative 

This is a polypeptide which derived from another- 
po^l^peptide which is encoded by the DNA within a 
selected rdgp. The derivative polypeptide may differ* 
fxom the encoded polypeptide by the addition, deletion, 
15 substitution or insertion of amino acids, or by the 

linkage of other molecules to the encoded polypeptide. 
These changes may be made at the nucleotide or protein 
level. For example the encoded polypeptide may be a Fab 
fragmejat which is then linked to an Fc tail from anotiher 
20 source, Alteimatively markers such as enzymes, 
fluoresceins etc may be linked to e.g. Fab, scFv 
fragments • 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 shows an analysis by ELISA of the 
specificities of soluble single-chain Fvs (scFvs) 
isolated from the unimmunised library by selection on 
bovine thyroglobulin (upper panel), human TNFa (central 
panel), or, the human mAb Fog-1 (gamma-1, kappa). 
Binding was determined by EI,ISA to a panel of proteins, 
as follows: 1 - plastic; 2 - hen egg trypsin inhibitor; 
3 - chymotrypsinogen A; 4 - hen egg ovalbumin; 
5 - keyhole limpet haemocyanin; 6 - bovine 
thyroglobulin; 7 - human TNFa; 8 - turkey egg-white 
lysozyme;* 9 - horse heart cytochrome c; 10 - bovine 
serum albumin; 11 - mAb Fog-1. * 
FifcTure 2 shows an analysis by ELISA of the 
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specif xci tries of soluble scFvs isolated from th& 
unimmunised library by selection on human 

carcinoembryonic antrigen (CEA) (upper panel), t:he MUCl t 
peptide (Price et al,., 19gO> supra) (central panel )^ or 
5 taiman CD4 ( lower panel ) . Bindlngr was^ determined by 

ELISA to a panel of proteins, as follows: 1 - hen egg 
trypsin inhibitor; 2 - chyraotrypsinogen A; 3 - hen egg 
ovalbumin; 4 - keyhole limpet haemocrfanin; 5 - CEA; 
6 - urine extract containing human polymdrphic 
10 epithelial mucin (PEM); 7 - bovine thyroglobulin; 

8 - hen egg-white lysozyme; 9 - bovine serum albumin; 

10 - chicken gamma globul in cou pled to 4-' hydro 2gy-3- 

nitrophenyl acetic acid; 11 - human recombinant solxible 
CD4. 

15 Ficrure 3 show.s an ELISA to assay -the binding of three 
scFvsV isolated by selection on a human monoclonal 
antibody Fog-1 (IgGl, kappa), to a panel of human 
antdLbodies of varying isotype^ as follows^ 1 - Fog-1^ 
2 - the Fv fragment of HulysU? 3'- Hulysll antibody 

20 (IgGl, kappa); 4 - RegA (Ig©!, kappa); FbgC (IgG3, 

kappa); 6 - Pagl (IgGl, lambda); 7 lgG2^1ambda antibody 
purified from myeloma plasma (Sigma); &• - Oak3 (IgG3, 
lambda); 9 - IgG4, lambda purified from myeloma plasma 
(Sigma); 10 Foml (IgM, lambda) r 11 - FomA (IgM, lambda >• 

25 Figrure 4 illustrates the assembly of Vjj genes in the 
creation of a synthetic library. 

Figure 5 shows schematically selection techniques for 

pAbs: 2(i) shows a -binding/elution system;. 2(ii> shows a 

competition system (p = pAb;^ ag = antigen to which 
30 binding by pAb is required; c = competitor population 

e.g. antibody, pAb, ligand; s ^ substrate (e.g- plastic 

beads etc); d « detection system). 

The present invention is illustrated by the 

following examples. Oligonucleotide primers and protoes 
35 mentioned in the text are listed in Table IV, Tables X 

to IV are found after Example 8. - 

Example 1 shows the isolation of antibodies directed 
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against human tumour necrosis factor-a and a human 
monoclonal antibody from a phage library of single chain 
Fv fragments derived from an unimmioniased human. 

5 Example 2 shows the isolation of antibodies binding to 

human thyroglobulin from, a phage library of single chain- 
Fv fragmtots derived from an unimmunized human. 

Example 3 shows the isolation of antibody fragments 
10 directed against the self antigens MUCl mucin, 

carcinoembryonic antigen (CEA) and recombinant soluble 
CD4 (rsCD4) from a phage display library of single chain 
Fv fragments derived—f^rom an unimmunized human. 

15 Example 4 shows ^ the further characterization of selectied 
anti-self antibody fragments by DNA sequencing and 
affinity determinations. 

Example 5 shows the creation of a synthetic human 
20 library using gexm line VH segments. 

Example 6 shows the isolation of an antibody fragment 
binding to human tumour necrosis factor-a from a human 
germ line synthetic library. 

25 

Example 7 shows the creation of a synthetic human 
library using hxiinan germ line VH segments containing VH 
CDR3 sequences of different lengths and isolation of 
■ single chain Fv fragments binding to human thyroglobulin 
30 and a human monoclonal antibody • 

Example 8 shows the isolation of human antibodies 
directed against human interleukin-1 receptor molecules 
which trigger receptor function. 

35 

Example 1 

. isolation of antibody fragments directed against self 
antigens from a library of scFvs made from unimmunized 



wo 93/11236 



PCr/GB92/O2Z40 



42 



blood donors 

Namxrally occuring V-genes isolatred fnpiB human PBLs 
can be constructed into a large library of antibody 
fragments which contain reactivities against antigens to 
5 which the donor has not been exposed (WO92/01047 e3=ampl6 
42) , we have realised that these libraries may also 
contain reactivities against self antigens, arising 
either from self-reactive B-cells which have not been 
deleted or as non-naturally occuring fragments resulting 
10 from VH and VL chain recombination. To^ test this, we 
panrxed a large human scFv library displayed on the 
surface of a phagemid against human TNF-a and a human 
~ IgGTk immijnoglobxilin- 

15 Methods 

Rescue of the library : 

The library of scFvs was constructed from the RNA 
• of human PBLs and has been previously described 

(W092/01047 example 42). To rescue phage displaying 
20 antibody fragments, approximately 10^ E. coli 

harbouring the phagemid were used to inoculate 50 ml of 
2 X TY containing 1% glucose and 100 mg/mi of ampicillin 
(2 X TY- AMP-GLU) and grown to an CD. of 0.© with 
shaking. Five ml of this culture was used to innoculate 
50 ml of 2 X TY- AMP-GLU, 2 x 10« TU of delta gene 3. 
helper (M13. D gene III see WO92/01047) were added and 
the culture incubated at 37-C for 45 minutes without 
shaking and then at 37 "C for 45 minutes with shaking. 
The culture was centrifuged at 4000 r.p.m. for lO min- 
30 and the pellet resuspended in 2 litres of of 2 x TY 

containing 100 mg/ml ampicillin and 50 mg/ml kanamycin 
and grown overnight- Phage were prepared as previously 
described (WO92/01047 example 42), M13 D gene III was 
prepared as follows: . . 

35 M13 D gene III helper phage does not encode gene 

-III protein, hence the phage(mid) displaying antibody 
fragments have a greater avidity of binding to antigen.. 
Infectious M13 D gene III particles are made by growing 
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the helper phage in cells harbouring a pUC19 derivative 
supplying the wild type glll protein during phage 
morphogenesis. The culture was incubated for 1 hour at 
37 "C without shaking and then for a further hour at 37 ""C 
5 with shaking. Cells were spun down (lEC-Centra 8, 4OO0 
revs/min for 10 min), resuspended in 300 ml 2 x TY broth 
containing lOOmg ampicillin/ml and 25mg kanamycin/ml (2 
X TY-AMP-KAN) and grown overnight, shaking at 37*C. 
Phage particles were purified and concentrated from the 
10 culture medium by two PEG-precipitations (Sambrook et 

al., 1990), resuspended in 2 ml PBS and passed through a 
0.45mm filter (Minisart NML; Sartorius ) to give a final 
—concentration of approximately lO^-^transducing units /ml 
( ampicillin-resistant clones ) . 

15 

Panning of the library ;. 

Immunotubes (Nunc) were coated overnight in PBS 
with 4 ml of either 100 mg/ml or 10 mg/ml of recombinant 
human TNF-a in PBS or 4 ml of 10 mg/ml of Fog-1, a titxman 

20 IgG/k immunoglobulin which recognizes the human red 

blood cell Rh (D) antigen. Tubes were blocked with 2% 
Marvel-PBS for 2 hours at 37* C and then washed 3 times 
in PBS- Approximately 1013 TU of phage was applied -to 
the tube and incubated for 30 minutes at room 

25 temperature tiombling on an over and under turntable and 
then left to stand for another 1.5 hours. Tubes were 
washed 10 times with PBS 0.1% Tween-20 and 10 times with 
PBS. Phage were eluted by adding 1 ml of 100 mM 
triethylamine and rotating 15 minutes on an under and 

30 over turjntable after which the solution was immediately 
neutralized with 0.5 ml of 1,0 M Tris-HCl, pH 7.4. 
Phage were then used to infect 10 ml of mid-log E. coli 
TGI by incubating eluted phage with bacteria for 30 
minutes at 37" C. The E. coli were then plated on TYE 

35 plates containing 1% glucose and 100 mg/ml ampiciliin. 
The resulting bacterial library was then rescued with 
delta gene 3 helper phage as described above to prepare 
phage for a subsequent round of selection. This process 
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was ther. repeated for a total of 4 rounds of af£in±ty 
purificafcLon with tube-washing incrceaaed . to 20 txmes 
with PBS, Q.1% Tween-20 and 20 tiines with PBS for rounds 
3 and 4. 

5 

Characterization o f binders: 

Eluted phage from the 3rd and 4th rounds o£ 
seleotion were used to infect coli HB 2151 and 
soluble scFv was produced CMarks, et al. . 199X> from 
10 single colonies for assay, m the case of TNF, phage 
' was also rescued from single colonies. ELISAs were 

performed as previously described with nticrotitre plates 
^ co^ed^itr¥i1i^ 10 pg7fil Kuman-TNF-a in=50^m^^ - 
bicarbonate pH 9-6 or 10 pg/ml Fog-1 in PBS- Clones 
15. positive in ELISA were further characterized by PGR 
fingerprUating (WO92/01047 example 20) and then by 
sequencing . 

Resul'ts 

20 TNF: Soluble scFv from 1536 colonies and phage from 
1152 colonies were screened by ELISA. The results a^e 
shown in figure 1, the key for which^ is given in the 
brief description of the figures (supra), ^ms^m^^ 
..^^^s^sss^^s^^S^^^^^^^ further characterized 

25 by PGR firigerprxnting and sequencing. In this manner, 
15 different binders were identified. Four of these 
have been sequenced- 

Fog-l: Soluble scFv from 9& clones vas screened by 
30 ELISA and positive clones were further characteri:=ed: by 
PGR fingerprinting and sequencing.- In this manner, four 
different binders were identifed and sequenced- 
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an-tibody scFv fragiiient:s directed against bovine 
thyxoglobulin from a library of scFv fragments. These 
were derived from unimmunised humans, expressed on the 
surface of phage fd, isolated by panning against bov±ne 
5 thyroglobulin. The results demonstrated that it is 
possible to isolate from a library derived from an 
unimmunised individual antibody fragments which will 
bind an antigen to which that individual has never been 
exposed . 

ip Sixteen clones found by this panning to be specific 

for bovine thyroglobulin have now been analysed for 
binding to human thyroglobulin in an ELISA assay . (as 

- described^in example 44nDf WO92/01047 )T" Nine of ^these^" 
clones also bound strongly to human thyroglobulin witzh 

15 absorbance signals of between 1-0 and 1.6 12 minutes 
after addition of substrate. No cross -reactivity 
(signal less than 0.05 after 90 min) was found with a 
panel of unrelated antigens- hen egg lysozyme^ BSA, 
ovalbumin, chymotrypsinogen, cytochrome c, keyhole 

20 limpet hemocyanin, insulin, cardiolipin and DNA. 

Thus, antibodies with specificity for epitopes on 
the human self antigen thyroglobulin can be isolated 
from libraries prepared from unimmunised humans. 
Two clones binding to , both human and bovine 

25 thyroglobulin, a-Thy23 and a-Thy29, and two clones 

binding to bovine thyroglobulin only, a-Thy32 and a- 
Thy 33 , were sequenced . 

Example 3 

. 30 Isolation of antibody fragments directed against the 

human self -antigens MUCl mucin, carcinoembryonic antrigen 
(CEA) and recombinant soluble CD4 (rsCD4) from a phage 
display library of human single chain Fv fragments 
The phage display library of single chain Fv 
35 fragments derived from unimmunized human donors usedL in 
Example 1 was used in selection to isolate antibody 
fragments directed against the self antigens MUCl mucin, 
carcinoembryonic antigen (CEA) and recombinant soluble 
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CD4 ( rsCD4 ) . 



Rescue o£ the library 

The lihx-axy was rescued as in example i except that 
5 the standard helper phage M13KQ7 (5 x lO^O pfu) was xosed 
-to rescue the library rather than delta gene 3 helper 
phage (^a3 D gene III). 

selection of phage specific for MtJCl mucin and 

IQ carcinoembryonic anti gen (CEA> 

a w j_»^*?^_T!*rt- .i»e4T*»fT innnuno 

The pnage were paiu-iau. o-w-i- — — =. 

tubes (Nunc; Maxisorp) coated with antigen essentially 

as (M^fcs et "aT.r 1991 ) were iSTected on-^^coluinrr-of 

antigen ( J.McCaf ferty et al.. Nature 348 552-554, 1990). 

15 The following antigens were nsedi human recombinant 
soluble CD4 (rsCD4) (expressed in baculovirus by 
American Biotechnologies Inc. and supplied by the MRC 
AIDS Reagent Project [ADPSOaj ) ? human carcinoembryoai&. 
antig^ CCEA); and a 20 amino acid peptide (M.R-Price et 

20 al., Molec. Immunol. 27 795-802, 1990), which 

corresponds to a repeated motif in human MUCl mucin 
(tumour-associated polymorphic " epithelial mucin or PEM) 
. cs. Gendler et al., J. Biol. Chem.. 263 12820-12«23, 
1988; J.H.Gura et al., Biochem, Biophys. Res. Commun. 171 

25 407-415, 1990). 

CEA (20rag/ml) and rsCD4 (lOmg/ral) were coated on 
immunotubes overnight at room temperature in phosphate 
buffered saline. For the first two rounds of selection 
tubes were washed 10 times with PBS, 0-1% (v/v) Tween 20 

30 and 10 times with PBS. For subsequent rounds of 

selection tubes were washed 20 times with PBS, G-1% 
(v/v) Tween 20 and 20 times with PBS.. Phage were eluted 
with 100 mM triethylamine as CMa^^ks et al-. , 1991). 
Eluted phage (usually 10 6 to 10^ transducing units) were 

35 used to infect E. coli TGI cells. Approx- lo9 infected 
bacteria were used as an inoculum for the next rescue. 
The library was subjected to 3 "to 5 rounds of rescue and 
selection for each antigen. 
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the protein. The V-genes of clones with binding 
activities were sequenced, and one clone identified for 
each antigen of CEA, PEM and rsCD4 (Table I). The 
appearance of only low numbers of clones binding to CEA, 
5 PEM and human recombinant soluble CD4 ( rsCD4 ) , even 

after several rounds of selection, may reflect the use 
of VCS-M13 (stratagene) as helper phage (instead of 
M13DgIIX helper used for the other antigens). 
Populations of phage(mid) particles produced by rescxae 
10 with MlSDglll (which cannot produce pIII) have highenr 
average avidities than those produced by rescue with 
VCS-M13 (where the wild-type pIII encoded by the helper 
phage can compete with scFv-pI 11= fusions). ^ — - 

The scFv fragments were then screened for binding , 
15 to a panel of other protein antigens, and were found to 
be highly specific. This is illustrated in Fig. 2 wii:h 
the single clones with binding activity to human CEA, 
MUCl and human rsCD4. See brief description of figuore 2 
(supra) for key. 
20 Hence, antibody fragments directed against the 

human self antigens CEA and MUCl which are tumour 
markers) and rsCD4 can be derived from the same library 
and -they all have a high specificity for antigen. 
Example 4 

25 Characterisation of antiself antibody fragments by DNA 
seqruencing and banding to antigen 

The antiself antibody fragments isolated in 
examples 1,2 and 3 -were characterized by DNA sequencing 
and antigen .binding. 

30 

The antibody fragments are derived from a range of 
unmutated and somatically mutated v-genes 
..The sequences of several clones with 
self-specificity were -determined as in example 3 and 
35 contain both kappa and lambda light chains (Table 11). 
Comparison with the sequences of the nearest germ- line 
V-gene segments indicates that several different 
families are used (VHl, 3, 4 and 5; Vkl and 4, Vll, 2 
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and 3). ma few cases the V-genes are completely 
germline, for example both the VH and VI genes of 
aThy-29- However, most of the V^-genes have several 
differences from the nearest germline V-gene segments, 
5 both at the nucleotide and amino-acid level (Table II), 
suggesting that they are derived from somatically 
mutated B-cells. Some mutations' may have arisen during 
•Che PGR amplification and assembly process, far example 
the VH-genes of aF0Gl-G8 and aMUCl-1, and the Vk-gene of 

10 aThy-33 probably arose from cross-overs between two 
V-genes aurxny x-c^ aiutia.j;a.j;v-a. >-j.w** v — — — > 
Furthermore, large differences (for example the Vk of 
^0Gi-H6 which Sf f iis by 36 iBcleotrdes y^ay bl. idu^^^^ 
the use of unknown V-gene segments- There is a striking 

X5 homology in the CDR3 of the heavy chain between aTNF-Al 
and aTMF-El: the germline V-genes are different but tlie 
same JH segments are used, and 11/16 residues of CDR3 
are identical. This suggests that- both scFv fragments 
may bind to the same epitope of TNF. 



20 



The antibody fragments are dire cted to different 
epitopes on the same protein 

The scFv fragments directed against bovine 
thyroglobulin from example 2 were screened for binding 
25 to human thyroglobulin, which differs by only 6 single 
amino-acid residues in the protomer <Malthiery,Y. and; 
Lissitzky,S. (1987) Eur. J. Biochem. , 165, 491-49S)- 
Four of the twelve -clones (including aThy-29y bound to 
human thyroglobulin, whereas the rest (including aThy-32 
and aThy-33) did not (data not shown). Likewise the 
fragments binding to the human antibody. Fog-l were 
screened for binding to a range of other antibodies 
differing in heavy and light chain isotype (Fig. 3). 
See brief description of Figure 3 for its key ( supra ^. 
The fragment aFOGl-A4 bound to all heavy chain gl, 2 and 
3 isotypes, but not to g4 or m. By contrast, the 
fragments aF0Gl-H6 and aF0Gl-A3 did not bind to any of 
the other antibodies, including those of the same 
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iso-type as Fog-1, suggesting that they are directed to 
the variable domain of Fog-1. 

Characterisation of selected scFv fragments 

The following clones were chosen for large scale 
purification and further, characterisation: aFOGl-H6, 
aF0Gl-A3, aTNF-E7, and aThy-29. Colonies of the 
non-suppressor E. coli strain HB2151 harbouring the 
appropriate . phagemid were used to inoculate 2 litres of 
2 X TY containing 100 pg ampicillin/ml and 0.1% glucose, 
The cultiires were grown and induced (De Bellis . D. and 
Schwartz,!. (1990) Nucleic Acids Res., 18, 1311) and ^the 
tagged scFv fragments purified using^ the inAb^9E10 as in 
(Ciackson et al., 1991, supra and W092/01047)- 

The inhibition of 125I-Fog-l binding to human Rh D 
antigen by the affinity purified scFv fragments aF0Gl-H6 
and aFOGl-A3 was essentially as performed earlier 
(Gorick, B.D, , Thompson, K.M. , Melamed,M.D. and 
Hughes, J, N. (1988) Vox- Sang., 55, 165-170) with the 
following modifications. 0.014S \ig of 125I-FOG1 was 
pre^incubated with varying amounts of purified aFOGl-H6 
or aF0Gl-A3 scFv fragments (0 - 16 pg) at 37*C for 1-5 
hours, before adding 0.5 pi of R1R2 cells (or rr cells 
as control)^ The mixture was then incubated for a 
further 1.5 hours at 37 *C with constant mixing, and 
finally cells separated from the supernatant. As a 
control, a titration was also performed with a purified 
scFv fragment directed against turkey egg white lysozyme 
C.aTEL-9) (Marks, et al., 1991, supra). . 

Kinetic measurements were made using surface 
plasmon xesonance (BlAcore, Pharmacia Biosensor AB) 
( J5nsson^ U , , Fagerstam , L • , 1 var sson , B , , Lundh , K • , 
■L^5f4s,S*, Persson,B,, Roos,H., Rdinnberg , I . , 
Sjaiander,S. , Stenberg,E., St&hlberg, R. , Urbaniczky , C. , 
Ostlin,H. and Malmqvist,M. (1991) BioTechniques, 11, 
620-627; jeinsson,U. and Malmqvist,M. (1992) In Turner, A. 
(ed. ). Real Time Biospecific Interaction. JAI Press 
Litd., San -Diego, Vol. 2, pp. 291-336 ). In order to 
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separ-ate monomeric and multrimeiric species, the purified 
scFv fragments were concentrated by ultrafiltration and 
then fractionated on a calibrated Superdex 75 FPLC 
column (Pharmacia) in PBS, 0.2 mM EDTA. Gel filtration 
5 was monitored both by the absorbance at 280 nro and. ^ 
on-line to BXAcore with immobilised antigen, on the 
sensor ch±p (Johnsson et al*, 1991 )• 

Kine-tic experiments were performed in two different 
conf igura-tions - First, to analyse the binding of 
10 soluble scFv, the different antigens were, covalently 
immobilised on the sensor chip (in the case of mAb- 
Fog-1, the antibody was also immobilised via a mouse 
" Snti-hx5iair kappa^^^ using a sensor chip 

coated with rabbit anti-mouse XgGl ) . Second^ to anal^rse 
15 t±ie binding of the soluble mAb FOG-1, the aF0Gl-H6 scF\r 
was ijnmobilised on the chip surface. 

The antigens were coupled to the CMS sensor chip 
. through their amine groups using the Amine Coupling Ki-t 
( Pharmacia Biosiensor AB ) ( Johnsson ,,8 - , LSf as , S , and 
20 r<indgv-ist,G. (1991) Anal. Biochem.. , 198^ 268-277>. Ttie 
antigens were diluted in 10 mM acetate buffer pH 5-0 tro 
approx. 25 pg/ml, and 3805 resonance units CHU) of TNF, 
6249 RU of human thyroglobulin, and 5279 RU of FOGl were 
iiranobilised. For the biospecific presentation of Fpg-1^ 
25 affinity purified rabbit anti-mouse IgGl (Pharmacia 

Biosensor AB> was coupled to the surface followed by a 
mouse mAb anti-human kappa (2300 RU) and then Fog-1 
(2050 RU). As binding of the rabbit anti-mouse IgGl tro 
-the mouse mAb was reversible by 10 mM HCl the complex 
30 was rebuilt for each analytical cycle, ScFv. anti-Fog^l 
was coupled to the C>15 surface toe 1538 RU, All 
determinations were performed at 25 •C in PBS^ 0,2 mW 
EDTA, Q.05% BIAcore surfactant P20 with a constant 
flow-rate of 10 pl/min- and an injected volume sample of 
35 35 pi* It was not necessary -to regenerate the antigen 
as the scFv fragments rapidly dissociate, with -the 
exception of the biospecific presentation of antigen via 
rabbit anti -mouse IgGl which was regenerated with 10 mM 
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HCl for 3 min. 

Analyses of scFv monomer were performed in the 

ji 

concentration range 100-500 nM, and dimers in the range 
40-200 nM except for the biospecifically . presented Fog-1 
5 where the concentration of diroeric scFv was 0. 25-1. 26 
pM- .Fog-1 was analysed on the aF0Gl-H5 scFv surface in 
the concentration range 10-200 nM. All concentrations 
were calculated from U.V. absorption at 280nm (assuming 
that 0.7 mg/ml scFv gives an A280 = 1 [Mach,H., 

10 Middaugh, C.R. and Lewis, R.V. (1992) Anal, Biochem., 200, 
74-80] , and that Mr of a scFv monomer is 30 kD and of a 
dimer is 60^ Nq^correction was^ made for the _ 

fraction of active protein, and therefore the on-rates 
are an underestimate.. The kinetic evaluation of data 

15 was perf ormed according to ( Karlsson, R. , Kichaelsson^ A. 
and Mattsson,L. (1991) J. Immunol. Methods, 145, 
229-240) and evaluated on the program Origin 1.1 
* { Microcal inc . , Northampton , Mass . , USA ) . 

20 Two of the antibody fragments are directed against 
idiotopes of human mAb Foq-1 

The binding of 125I-Fog-l antibody to human red 
blood cells bearing the Rh D antigen could be inhibit:ed 
by both aF0Gl-H6 and aFOGl-A3 scFv fragments. Hence ^ 

25 both aFOGl-H5 and aFOGl-A3 are site-associated 
ahti-idiotype antibodies, coinplexing with the 
antigen-binding site of Fog-1, The extent of inhibition 
of 1251-Fog-l binding to the Rh D antigen (on human R1R2 
red blood cells) was determined by titration with 

30 affinity purified aF0Gl-H5 and aF0Gl-A3 scFv fragments. 
(As control, no inhibition of l25I-Fog-l binding was 
observed using a scFv fragment ( aTEL9 ) ( Marks et al - , 
1991, supra) directed against turkey egg white 
lysozyme). With the maximum of 16 pg. scFv (1000 fold 

35 molar excess to 125I-Fog-l), the binding was inhibited 
-by 14.2% (aF0Gl-H6) and 20.9% {aF0Gl-A3), suggesting* 
that the affinities of these fragments for Fog-1 are 
much lower than the affinity of Fog-1 for the Rh D 
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antigen (Ka = 2,2 x 10^ NP^) which binds monovalen-fciy- 
(Gorick et al., 1988, supra). If 100% of the fragmert^ts 
are acrtive, the affinities of the two fragments for 
binding to Fog-1 could be estimated as Ka = 3 x 10^ M"^ 
5 for aF0&l-H6 and 6 x 10^ M"^ for aF0Gl-A3, and this is 
consistent with other kinetic measurements (see below^ 
and Table III). 

The scFv fragments can form both monomers and dimers ±n 

10 solution 

Solxible antibody fragments were purified from 
bacterial supernatants by affinity chromatography, by 
binding of the C-terminal peptide tag to the mAb 9H10 ^ 
After ultrafiltration, the fragments were further 

15 purified by FPLC gel filtration (Piia^acia) on. Superdex 
75 (Pharmacia), and detected on-line both by XJV 
absorption. (280 nm) and by binding to antigen 
immobilised on a sensor chip in BIAcore (Pharmacia 
Biosensor AB ) - This showed that the scFv fragments 

20 emerged in two peaks, corresponding in size to monomers 
and dimers. The dimers bind more strongly to the 
immobilised antigen than monomers due to their greater 
avidity of binding. The scFv dimers run as monomers on 
non-reducing SDS gels, and are therefore not linked i?y 

25 disulphide bonds. As two peaks are seen in 

gel- filtration, it appears that in this case the 
monomers and dimers do not inter convert rapidly* 
Presumably the dimers are scFv fragments interlocked - 
through the flexible linker joining the heavy and ligiit 

30 chains, or with the heavy chain of one scFv molecule 

associated with the light chain of the other. We notre 
that antibody Fab fragments made in bacteria can also 
multimerize (unpublished data).- 

35 The scFv fragments have micromolar affinities. 

The presence of both scFv monomers and dimers could 
lead ta an overestimate of affinity of binding using 
solid phase methods. To determine the affinity and 
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klnet±cs of binding of scFv fragments to the antigen 
coated chip using surface plasmon resonance, we 
therefore purified the fragments by gel filtration 
(Table III). For the dimers, the off -rate constants were 
5 determined as about 10"^ s"^ and the on-rate constant:s 
for the scFv dimers as about 10^-10^ M'^ s'^ (assuming 
the sample is completely active). In the case of 
aF0Gl-H6, the antigen (the mAb Fog-1) was immobilised on 
the sensor chip in two ways, either directly or via a 

10 rabbit anti-mouse IgGl antibody. The results were almost 
identical by either method (see Table III). However "the 
active fraction of scFv fragments varies considerably 
—and could lead to-an underestimate of the on-rate (and 
affinity of binding); for example using fluorescence 

15 quench titration with several scFv fragments directed 
against phenyloxazolone we detected only 0.06 to 0.38 
functional binding sites per scFv molecule (unpublished 
data ) . Indeed the on-rate constants calculated for the 
association of the aFOGl-H6 fragment and Fog-1 antibody 

20 depend on whether the antibody (k^n 2.2 x 10 ^ M'^ s"^) 
or scFv fragment (ICqj^ 1.0 x 10^ M'^ s'^) is immobilised 
on the sensor chip (Table III), indicating that the 
aF0Gl-H5 fragment is less active than the Fog-1 
antibody. For the s'cFv monomers, the binding signals 

25 were low and it was difficult to follow the kinetics of 
binding to the surface, except for the dissociation of 
the aThy-29 monomer {^off = 2 x lO'^ s'^). However, the 
four fold stabilisation of the aThy-29 fragment dimer 
{see feelow), suggests that the off -rate constants of "the 

30 other monomers are >10"2 s"^, perhaps 10"^ s"^. 

The greater stability of the scFv dimers on the 
sensor chip, compared to monomers, indicates that the 
• dimers are bivalent. The scFv dimers are therefore 
analogous to the two heads of the ^ntibody IgG (but with 

35 different spacing between the heads), and their binding 
avidities were estimated as about 10*^ M"^ from ^^on^^aff 
{Table III). The affinities of the monomers must be 
lower by virtue of their faster dissociation from the 
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surface. For the aThy-29 monomer, and assuming that the 
on-rate constant is the same as for the dimer 
(Mason,D.W, and Williams^A.F. (L986) Kinetics of 
Antibody Reactions and the Analysis of Cell Surface 
5 Antigens. Blackwell Scientific, Oicford) , we can 
estimate an affinity of about 3 x 106 M"!, These 
affinities, calculated from the rate constants measured 
by surface plasmon resonance appear to be similar to 
those measured in solution by fluorescence quench 
10. techniques. For example the affinity of binding of the 
monomer scFv fragment aTEL9 (Marks et al., 19S1) which 

binds~to tnrkey Ivsozyme (and was derived f™n.jthe same 

• library) was estimated as 3.9 x 10^ M"! using surface 
plasmon resonance (Table III), and as 1.2 x 10^ M"! by 
15 fluorescence quench (Marks et al. , 1991, supra). 

The affinities of antibodies isolated are typical 
of antibodies from the mouse primary immune response 
(Foote,J. and Milstein,C. (1991) Nature, 352, 530-532). 
The kinetics of association of the antibody fraginents to 
20 the protein self -antigens (IQS to 10^ M"! s"!) are also 
typical of previously characterised Ab-protein 
interactions. However the kinetics of dissociation 
(10-2 g-l) are relatively fast for Ab-protein 
interactions (but both rates are slow compared to many 
25 Ab-hapten interactions). At first sight, it is 

surprising that we can isolate scFv fragments with such 
fast off -rates, as one would not ea?)ect a "monomeric" 
phage to be retained on the solid support during 
washing. However, scFv fragments are displayed 
30 multivalently on the phage, especially using the 

MlSDglll helper phage, and some of the scFvs which tend 
to form dimers in solution, may also form dimers on 
phage. The multivalent interactions with antigen help 
retain the phage, allowing the encoded seFv phage to be 

35 isolated. 

Random combinatorial V-gene repertoires derived 
from the mRNA of immunised animals. are enriched for 
heavy or light chain V-genes encoding part of an antigen 
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binding site and trhis facilitates the isolation of 
antigen-binding fragments using phage technology, 
although the combinations of V-genes of each 
B-lyraphocyte appear to be largely destroyed. Antigen 
5 bindi^ig sites can also be generated de novo by the 
random combination of chains, as illustrated by the 
isolation of scFv fracfments against foreign antigens 
from unimmunised human donors (Marks et al.^ 1991, 
supra ) . 

10 "Natural autoantibodies", self-reactive antibodies 

isolated from healthy donors tend to be of lew af finitr^" 
and polyspecif ic. and may well be produced by a discrete 
subset of B-cells, the internal activity set 
(Holmberg,D. and Coutinho,A. (1985) Immunol. Today, 6, 

15 356-357)., contributed in part by CD5+ B-cells (Casal±,P. 
and Notklns^A.L. (1989) Annu. Rev, Immunol., 7, 
513-535). In contrast, the anti-self scFv fragments we 
have made are highly specific in binding to antigen 
despit'e only having micromolar affinities. This is a 

20 surprising and valuable finding. Their affinities could 
presumably be improved in vitro, for example, the 
affinity of an scFv fragment for the hapten 
phenyloxazolone derived from the phage library (and, 
like the anti-self antibodies described here, with a 

25 relatively fast off -rate) was improved from Ka = 3.1 x 

10^ to 9.1 X 10^ by chain shuffling (WO92/01O47; 

Marks etal., 1992b, Biotechnology 10, 779-783, 1992). 
This would allow the creation of highly specific, high 
affinity human antibodies directed against self-antig^s 

30 for use in human therapy. 

Example 5: 

Creation of a Synthetic Library 

By display of antibody repertoires on the surface 
35 of filamentous phage and selection of the phage with 
antigen-^/ we can mimic immune selection and make 

human antibodies from the rearranged V-genes of 
unimmunised donors^. Human antibodies have now been 
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A 



30 



made by synthesis from defined V-gene elements, 
repertoire of 49 human germ line Vg gene segments was 
rearranged in vitro by Joining to a synthetic "D- 
segment" of five random amino acid residues and a J- 
5 segment, to create a synthetic third complementar±ty 
determining region (CDR) of eight residues. The 
rearranged genes were cloned with a human VlambdaS 
light chain as single-chain Fv fragments for phage 
display. The library of lo'' phages was panned with a 
10 hapten 2-phenyl-oxazol-5-one CpfaOx) conjugate to bovine 

serum alfaunCLh CBSA;, ana pncagfet isuj^o-vcvo. ^.w.- v- 

fragments with specific binding activity to phOx-BSA,^ 
and with "affinities to phoi-gamma-arainobutyric acid- 
■ (phOx-(aBA) in the micromolar range. Comparison of 
15 twenty one clones with unique sequences showed that ttie 
in vitro "immune response" to the hapten was largely 
restricted to the Vh26 segment CVh3 family) ^ with an 
invariant aromatic residue CTyr, Phe, Trp) at residue 98 
' of CDR3. The use of V-genes rearranged in vitro may 
20 allow the design of antibody libraries biased towards 
the binding of antigens of known structure, and the 
creation of therapeutic human antibodies with reduced 
immunogenicity - 

Antibody variable domains consist of a p-sheet 
25 framework with three loops of hypervaxiable sequence or 
CDRsS. The loops create antigen binding sites of a 
variety of shapes, ranging from flat surfaces' to 
pockets^. For human heavy chains, the sequence 
• diversity of the first two CDRs are encoded by a 
repertoire of about fifty germ line Vh segments. ^I.M- 
Tomlinson et al., supra). The third CDR is generated 
from the recombination of these segments with about 
thirty D and six J segments^, and although its sequence 
is highly variable, it often includes a salt bridge from 
35 AsplOl of the loop to Arg94 of the f rajnework^O . The 
structures and lengths of the first two CDRs are 
restricted^O,ll, biit those of CDR3 differ* greatly, with 
lengths ranging from 4 to- 25 residues^. 
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A library was created of rearranged genes with a 
CDR3 of eight residues including AsplOl, in combination 
with a single Vlambda (ref.l2) light chain. Forty nine 
genn line segments encoding most of the human 
5 repertoire (Tomlinson et al. , supra) were each amplified 
using the polymerase chain reaction^^ g^j^j 
oligonucleotide primers that introduce a synthetic D- 
segment <of 15 bases of random sequence at the 3' end of 
the Vji segment) and a J-segment, together encoding a 
10 CDR3 loop of eight residues (Fig.4). The rearranged 

seerments were pooled and cloned for phage display with a 
human Vlambda3 ligh t chain, creating a synthetic library 
of 10'' phage clones. Like the immune system, the 
synthetic library of lo'^ phage clones can tap only a 
15 small fraction of the potential diversity. Thus the 

diversity is potentially 49 x 32^ = i.6 x 10^ different 
nucleotide sequences, or 49 x 20^ = 1.6 x lO^ different 
ami^o acid sequences. 

The library was subjected to four rounds of growth 
20 and panning on phOx-bovine serum albumin (BSA) coated 

tubes, and clones screened as soluble^^ single chain Fv 
fragments^S'lS for binding activity to phOx-BSA by 
ELISA*. After the third and fourth rounds, 14/96 and 
61/96 clones respectively were identified with binding 
25 activities to phOx-BSA and of these (29 tested) none 
bound to other proteins ( see legend Table B ) . 
Furthermore their binding to phOx-BSA coated plates 
could be competed with the soluble hapten (Table B). 

Sequencing revealed that many (21/29) of the phOx 
30 binders were unique, with an eight residue CDR3, and 

utilised either a segment from the family, or one of 

three segments from the Vh3 family (Table B). Together 
these segments use three of the seven "canonical" folds 
available to the first two hypervariable loops of human 
35 Vh segments. (C. Chothia, et al., supra). The majority 
of the unique clones (16/21) were derived from the VH26 
segment^ and have related sequences in the third 
hypervariable loop: in this group the first residue 
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tends tro have a branched alipha-tic side chain (15/16)^ 
the second residue tends to be lysine or arginine 
(11/16)^ while the fourth residue is always an aromatic 
residue (most frequently tyrosine). 
5 The affinities (K^j) of two of the stronger binders 

(Ox 13 and Ox-31^ Table B) for phOx-GABA were determined 
by fluorescence quench titration^ as 3^1 ± 0^2 pM and 
6-7 ± 0.7 pM respectively. Although the synthetic 
antibody library lacks the diverse VH-CDR3 lengths andl 

10 the different light chains of antibodies made in vivo , 
the affinities for phOx-GABA coiTipare with 0.5 pM for sl 
(phage) antibody made from uniinmunised human donors"^^ or 
IpM for several hybridomas from a mouse primary immune, 
response^ ^ (but see caveat . Table A legend >. To improve 

15 these affinities, one could systematically alter (see 
below) the many different phOx antibodies selected 
(Table A), 

In principle, the use of phage display libraries of 
V-genes rearranged in vitro offers an ' attractive 

20 alternative to those rearranged in. viva^ . Firstly the 
frara&worfc regions and first two hypervariafale. loops of 
both heavy and light chains of the synthetic human 
antibodies created from the library are essentially germ 
line. This contrasts with the "primary phage 

25 antibodies tapped from human V-genes rearranged in vivo ^ 
in which the extent of somatic, mutation varied widely^. 
Leaving aside polymorphism, the VH gene segments ar^ 
identical in different individuals, and the synthetic 
antibodies are potentially less immunogenic- By 

30 altering the lengths and sequences of the heavy and 
light chain CDR3 loops, or by localising the mdLnimal 
mutations dLn the other CDR loops ^ or by shuffling witla 
synthetic "germ line" light chains^^'^^, it may be 
possible to improve thedLr affinities while retaining 

35 their germ line character- 

Secondly both kinds of libraries are highly biased. 
. In the "natural" libraries,, -the bias is outside- dur 
control^ and is imposed for example by allelic 
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v3.r±at±on^ deletion polymorphism and deletion of self- 
reactive clones. In the synthetic library, the bias can 
be introduced systematically. Here for example, all the 
VH-gene segments, were chosen and thereby the folding of 
5 the first and second hypervariable loops: also fixed 

were the length and diversity of VH-CDRS and the light 
chain. Although several ways of making diverse 
synthetic libraries have been suggested^, it should also 
be possible to incorporate design principles into the 
10 encoded structures. If the shape of the antigen were 
known y an envelope of roughl-y GGmplementary binding 
sites might be designed and built with defined V-gene 
elements. Use of suclir "designer " lii5raries would favour 
the isolation of antibodies with higher affinities. 

15 

Table A 



Family 


No, of 
g-enes 


VH segments*. 


Library 
X 10-^ 


size 
(%) 


VhI 


14 


1-5,7,8,10,12, 
14,15,20,21,25 


2.3 


(20 ) 


Vh2 


1 


27 


1.0 


(9 ) 


Vh3 


23 


29-33,35,38-40, 
42,44-54, 58,59 


2.1 


(19 ) 


.. Vh4 - 


9 


63-71 


2.5 


(23) 


Vh5 


1 


73 


1.4 


(12 ) 




1 


74 


1.9 


(17 ) 


Totali 


49 




11.3 (100) 



*for simplicity Vjj segments are listed according to 
DP nomenclature of Tomlinson et al., supra • 
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10 



25 



30 



35 



T^ble A - composition «f the synthetic library 

Forty nine human Vg segments (Tomlinson et al. 
supra) were used, one for each of the V^Z^ and Vh6 

gene families, and multiple segments for the other three 
families, and cloned according to family. Clones from 
the Vh segments of each family were checked for presence 
of insert (on average 85%) and pooled into a single 
large library as in Table B, creating a (controlled) 
bias for certain gene families. The segments from the 
Vh2, Vh5, Vh6 families are th^eby -overrepxesentsd" 
_ with respect to the segments from- other famil ies, 
sequencing of thirty five clones from, the unselected 
library confirmed that Vh segments from each family were 
15 present, and that the nucleotides were present in the 

expected ratios in the D-segment, but with a slight bias 
for C. (At the first and second position of each codon, 
A 21 3%; G, 17.9%; C33.7% and T, 27.1%; at the third 
position, G, 42.6% and T, 57.4%). The expression levels 
20 of the antibody fragments were also checked, and Vg 
segments were identified in clones with detectable 
expression levels, for example VhI (DP-^7), Vh2 (DP-27), 
Vh3 (DP-29,35,38,44, 47,51, 53), Vh4 (DP-63,69), Vh5 (DP- 
73) and Vjj6 (DP-74). 



Methods 

The clones were checked for presence of insert fay 
.pCR-screening'21 with oligonucleotides LMB3 and pHEN- 
SEQ (ref.4) and sequenced from double-stranded DNA by 
the dideoxy chain termination method^^ with 
oligonucleotide LINKSEQ (5'-CGA TCC GCC ACC GCC AGA G- 
3' ). (The numbers in the tables are c?orrected for 
insert). Expression of soluble scFv fragments was 
checked by spotting 10|il supernatant of induced 
overnight cultures in E. coli HB2151 (ref .14) onto a 
nitrocellulose filter using a slot-blot device (Min±foxd 
II Schleicher and Schuell), and detecting the bound 
peptide-tagged scFv fragments with 9E10 antibody^^ and 
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peroxidase labelled antri -mouse antibodies ( Sigma ) . 
Table B 



5 Clone Family Germline Canonical Loop I50 

gene* structure* 



Ox-31 Vh3 DP-42 1-1 26 

10 Ox-15 Vh3 DP-45 1-1 >300 

Ox-lS " " " >300 

- Ox^SS- Vu3 - ' DP=--47 " . ~l-3 - 20 

Ox-13 " " " 50 

15 Ox-9 " " " 

Ox-7 " " "86 

Ox-30 " " " 86 

Ox-12 n .. " 86 

qx-5 " " ... 100 

20 Ox-3 " " " 125 

Ox-20 " " " 125 

Ox- 21 " ■' " 125 

Ox-4 " " " 

Ox-10 " " " 150- 

25 Ox-14 " " " 180 

Ox- 19 " " " 250 

Ox-25 " " " >'*00 

Ox- 27 .... "V 

3D Ox-2.§ Vh4 DP-67 2-1 >400 



* Tomlinson et al. , supra, Chothia et al., supra. 
• ^ in jiM, according to competition ELISA with 
35 phOx-GABA. 

§ shows V67A mutation in FR3 . 
■ If Not determined. 
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n..>,iP., B phOx-bin>^^-^-'^ isolated from trh e synthefcLc 
lUaraxy 

Phage were prepared from the liljrary by rescue with VCS- 
5 M13 and subjected to rounds of panning in phOx-BSA 
coated tubes as in ref.4. The sequences of 21 phage 
binding to phOx revealed four germ line VH segments, DP- 
42 45 47 (VH3 family) and DP-67 (VH4 family). DP-47 xs 
identical to VH25 (ref .6, corrected in ref.24), while 

10 DP-42, DP-45 and DP-67 only differ in one or a few 

xraxTie-w-ork residues -f-rom -B-IB tref -25), .65-2 (ref- 26) or 
VH4.22 (ref .27) respectively. Clones from the 
unseTected library using the DP47^Vh segment and -lack^g 
characteristic pattern of CDR3 did not bind to phOx. 

15 Of the 21 phOx binders tested, none bound to BSA, NIP- 
BSA, plastic, chymotrypsinogen A, cytochrome c bovine 
thyroglobulin, keyhole limpet haemocyanin or turkey egg 
white lyso^e. Four clones that bound to BSA (but rxot 
to phOx) were found to be contaminants (a8SA3 clones-, 

20 from iref -4) . 

Methods 

AS in ref.4. The relative affinities of the scFv 
fragments were determined by inhibition ELISA^B. ^ 

25 serial dilution of 4-gaimna-amino-butyric acid methylene 
2-phenyl-oxaxol-5-one (phOx-GABA), with concentrations 
ranging from 6 to 400pM, was made in 4% Marvel-PBS, ^d 
scFv supernatant added. The concentration of phOx-GABA 
resulting in a 50% reduction of the signal (Igo) for 

30 binding to phOx-BSA was noted. The affinities of t^o 

clones Ox-13 and Ox-31 for phOx-GABA were determined by 
fluorescence quench titra:tion using scFv purified by the 
c-myc tag (ref.4). ideally, the affinity for the pHO^- 
BSA conjugate would have been measured directly, or that 

35 for phOx-caproic acid, but phOx-GABA was used here to 

allow comparison with the hybridoma data of ref. 13. The 
affinities of the antibodies for the phQx conjugate, or 

4^ ^^iA a-r-o likelv to be better than those 
for phOx-caproic acid are xxxexy 
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measured for phbx-GABA. 



T7^, y,Tr^^. 4 - Shows i:he assemb ly of rearranged VH genes 
(see text) 

5 

Hethods 

A synthetic oligonucleotide SYNLIBl (see Table IV) 
introduced a D-segment with a five residue random amino 
acid sequence, a J-segment and an Xhol restriction site, 

10 to the 3» end of each of 49 human Vr germline segments 
(Tssnl-i-nson at al., supra.). The primer was used in the 
pol^i^erase chain reaction's „ith a Vh family based back 
primel:s~( VHBACK) incorporating an Ncoi -site- - - 
HuVHlBackSfi to HuVH6BackSfi. Each Vh segment clone 

15 (provided as single stranded template in M13 vector) was 
amplified separately at 94-C for 1 m±n, SO'C for 1 min, 
and 72° C for 1.5 min, for 25 cycles, on a PHC-3 
thermocycler (Techne). Each amplification was checked 
by electrophoresis on agarose gel, and similar amounts 

20 of DNA f rom Vh segments of the same family were pooled, 
digested with Ncol and Xhol, and cloned into the vector 
pHENl (ref .14) carrying a rearranged VlambdaS light 
chain variable domain (IGLV3S1; ref. 12) taken from a 
scFv fragment binding to BSA*. 

25 If, instead of a random oligonucleotide, an 

oligonucleotide encoding a CDR, eg from a rodent, were 
used, this would imprint that non-human CDR on the 
■ product synthetic human library. 



W093/11236 



PCT/GB92/02240 



5 



20 



25 



66 

T^^f fences r ^^r^-hloned in Example 5 
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Example 6 

Isolation of antibody fragment s specific for tuinour • 
necrosis faetor-a from a germ line human synthetic 
library 

5 A clone encoding an antibody fragment specific for 

tumour necrosis factor-a was isolated from a germ line 
human synthetic library. This library was prepared as 
described in example 5, except that the oligonucleotide 
syNLIB2 was used in place of SYNLIBl, so that a 5 amino 

10 acid V„ CDR3 was generated. The library was panned 
against tumour necrosis factor-a, as described in 
eiample 1 for the library derived from unimraunised 
humans.- After-four rounds of panning a phage-^antibody 
(and corresponding soluble fragment) was isolated with 

15 binding activity to TNF. The Vh region of the scFv 

fragment (aTNF-10) was derived from the VH segment DP-45 
(Tomlinson et al, 1992, supra). The hapten . binding 
clones aNXP-6, aNIP-12, aOx-15 and aOx-18 are also 
derived from this segment, although each of these 

20 fragments were nevertheless specific for binding to 

hapten or TNF. This indicates that antigen binding sites 
with entirely different specificities can be created on 
the same antibody framework by substitution of CDR3 
alone. Binding to non-specific antigens was assessed by 

25 ELISA as described in example 1. 
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5 c.or n,^^ces o -P Alfferent lenqirhs 

~ A germ lina human synthetic single cha.^ Fv 
fragment library was prepared in an analagous m^er to 
1^e library in Example 5, to include germ l.ne VH 
segments and synthetic OH and OH regions, ^-^^^^^J^ 
XO CDR3 regions Of between 4 and 12 amino acxds^ A sxngle 

rr.^ line rearranged light chai^ was P-^--^^'^; 
;hage library has been used as a source of antibody 

fragments with anti-human^specificitxes^ ^ 

Fifty germ line gene VH segments (Tomlinscn et al, 
15 1991 supra, as in Example 5) were amplified wxth 

Oligonucleotides to introduce a completely randomxsed 
CDR3 varying in length from 4 to 12 residues. I., a 
.first PCR-reaction, each gene was amplxfxed wxth its 
family specific VHBACK-primer (one of VHlBACKSf i • to 
.0 ^ACKSfi; .ar.s et al, 1991 supra. -^^/^^J ^^^^ 
5' end, and, annealing at the 3' end, one of 
oli;on;cleotides of the series S.N.XB4 - SYN.1B12 (Ta^^le 
IV). The PCR contained 2.5 pmol of each of the 
appropriate pair of oligonucleotides pe. ^° 
25 mS containing 250pM dNTPs, lOmM KCl, 10m« ^^^^f^^ 

20mM TTisHCl (PH8.8), 2mM MgC12, lOO^g/ml BSA and 1^ (1 

of Taq DNA polymerase (Cetus). The template 
Xul of a bacterial. stock of E.coli infected with a M13. 
phage clone encoding the appropriate germ line V gen^^ 
30 .he amplification cycle was.^.4.C f or^ S C f or^^ 

and 72-C for 1.5 min. After 25 ^^1^^' ^ 
the same VHBACK oligonucleotide and 30pmal of JHSAL 
(Table IV) was added, and the PCR continued ^^-^^ 
lyclas, introducing a Sail cloning site at the 3' end o^, 
35 theVH-gene. After verifying that a band of the 
appropriate size was seen on agarose gel 
^eclLphoresis, the PCR products of all amplifxcat^ons 
done with the same SYNLIH primer were collected,, cut 
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with Ncol and Sail , and cloned into NcoI-XhoI-cut pHENl- 
V 3 (pHENl containing cloned IGLV3S1) as in Example 5. 
In this way, 9 libraries (each with one particular CDR3 
length) were made, each containing between 5 x 10^ and 5 
5 X lO' clones. 



Selection 

Phage was prepared from the nine different 
libraries by rescue with VCS-M13 as described in Example 

10 3. Phage from the nine individual libraries was mixed 
to give one large library and subjected to panning on 
one of each of 2 antigens: Immunosorp tubes were coated 
with OAK3 ( human anti-Rhesus D antibody, igG3, IT) 
overnight in carbonate buffer (0.1 M NaHCOa', pH 9.6 at 

15 100 yg/ml) or human thyroglobulin (coated at lOOpg/ml in 
PBS). Selections were performed as in Example 3. 

Screening 

ELISA was performed as described in Hoogenboom et 
20 al, 1991 supra. ELISA plates were coated overnight with 
0AK3'at lOOpg/ml in PBS at room temperature or with 
human thyroglobulin at lOOiig/ml at room temperature. 

Results 

25 After four rounds of selection on 0AK3 -coated 

tubes, eluted phage was used to infect HB2151, and 
soluble scFv fragments analysed for binding by ELISA. 
59/96 clones were scored positive in the OAK3 ELISA- 
The germ line human synthetic library was also 

30 subjected to: 5 rounds of selection on human 

thyroglobulin coated tubes, 80/96 clones were found to 
be positive in a phage ELISA of individual clones 
rescued with VCS-M13. 

Two of each of tbe positive clones were analysed in 

35 ELISA for binding against a range of antigens (OAKS, 

human thyroglobulin, phOx-BSA, NIP-BSA, BSA, ovalbumin, 
chymotrypslnogen-A, streptavidin, cytochrome c, KLH, 
turkey egg-white lysozyme). The two OAK-3-binding 
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clones (as soluble scFv fragments) both gave signals 
approximately 3-fold higher than background in ELIsa on 
OAKS- The two thyroglobulin binding clones (as scFv 
fragments displayed on phage) both gave signals 
approximately 5-fold higher than background in 
thyxoglobulin-ELlSA. All the clones were found to be 
Highly specific for the antigen against which they had 
been selected. By hybridisation to family-specific 
primers (J.D. Marks et al, Eur.. J, Immunol. 21 985-991 
1991), the VH segment of all four clones was identified 
to be of the VH3 family. Tne CDR3 length of each clone 

was analyse d by amp lifying the .CDR3 with ^ 

oligonucleotides CDRFOR and CDRBACK (fable-IV), and"" 
analysing, the product on a 8% polyacrylamide gel. For 
15 the two OAK3 -binding clones, we found a length of 4 or 7 
amino acid residues, while the thyroglobulin binding 
clones both use a CDR3 length of 10 residues - 

Hence, antibody scFv fragments binding to a human 
monoclonal antibody and a human self antigen have been 
isolated from a human germ line synthetic library. 



10 



20 
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Example 8 

Isolation of antibody fragments triggering t he activity 
of the interleukin-1 receptor 

The library of single chain Fv fragments derived 
5 from an uniinmunised human that was . described in Example 
1 is used to select antibodies which will trigger the 
activity of the interleukin-1 receptor. Antibody 
fragments are first isolated which bind to the soluble 
external domain of the interleukin-1 receptor (IL-IR) of 
10 T cells. Antibody clones that are thus identified ar-e 
then analysed in assays -for i-nterleukin-1 type 
biological activity. The IL-IR on murine and human T 
cells is a highly KcOT 

glycoproirein which binds both interleukin-1 a and 
15 interleukin-1 p. A cDNA clone encoding the N terminal 
316 amino acids of the murine receptor external doma±n 
has been expressed in HeLa cells (S.K, Dower et al . a. 
Immunol, 142 4314-4320 1989). The soluble ILl-R 
molecule thus expressed has been purified and shows 
20 binding properties indistinguishable from the full 

length IL-IR molecule, a complex being formed between a 
single soluble ILl-R molecule and IL-1. This soluble 
receptor molecule binds to human interleukin-1. The 
human T cell interleukin 1 receptor has been cloned and 
25 sequenced by J.E. Sims et al (Proc. Natl. Acad. Sci. USA 
85 8946-8950, 1989). The soluble external domain of the 
human ILl receptor, amino acids 1 to 316, is expressed 
in HeLa cells and purified as described for .the muri-ne 
receptor - 

30 The rescued unimmunised human library is first 

selected against the recombinant human soluble IL-l 
receptor, corresponding to the external domain of the 
IL-1 receptor. Immunotubes are coated with the soluble 
IL-1 receptor as described in Example 1 at lOpg/ml and 

35 panning is performed as described in Example 1 for a 
total of four rounds of affinity selection. 

Clones binding to soluble IL-1 receptor are 
characterised by ELISA using raicrotitre plates coated 
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with recombinant soluble IL-I receptor at lOjig/ml as 
described for TNF-a in Example 3. Antibody fragments 
showing significant ELISA signals; with soluble XL-1 
receptor but not with non-specific antigens ore then 
5 chosen for fiirther study. 

Antibody clones isolated in this way are then 
expressed as soluble scFv fragments in E.Coli and 
piirified as described in Eacaraple 4 by mAb 9E10 affinity 
ohroraatography- Binding to human receptors is assessed 

10 using binding of l^Sj.iabelled antibody . fragment to 
human fibroblast cell line f lG-1 expressing the 
interleukin-1 recep tor basically as d escribed fay T.TaJcii 
et al (Eux. J. Immunol. 22 1221-1227 1992) for 
determining the affinity of ^^^I-II.2.a for the receptoor 

15 on these cell lines. The purified antibody fragments 
that show receptor binding are used in. a biological 
screening assay using human epithelial ceils to examine 
them for stimtilation of synthesis of prostacyclin (PGI2) 
and platelet activating factor (PAF) as described by E. 

20 Dejana et al (Blood 69 695-699, 1987). These studies 

will identify antibody fragments which have an antiself 
specificity against 

XL-1 receptor which triggers receptor activity. The 
activity can be quantified relative to human 

25 interleukin-la using a standard bioassay for IL-lct fox 
example proliferation of the DIOS helper T cell line 
using ^H-thymidine incorporation (S.F. Orencole and C,A> 
Dinarello Cytokine 1 14-22 1989) or a conversion 
proliferation assay as described by A.J. Gearing et al 

30 (J. Immunol. Methods 99' 7-11, 1987). 
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Table I Freqruency of b±ndlncr clones isolated from the 
unlnununlsed scFv library after selection 



Antigen 



Rounds of selection 



No. of 
unique 
clones 



Tbyxoglobulin 
C bovine ) 

Thyroglobulin 
(human ) : selected 
on bovine 

Fogi^ ( human IgGl , 
Jc antibody) 

TNFa ( human ) 

CEA ( human ) 

MUCl ( human ) : 
selected with 
peptide 

irsCD4 ( human ) 



18/40 



10/40 



122/1920 83/192 
0/96 



94/96 
92/96 
1/96 2/96 



0/96 



2/96 
8/96 



12 



4 

7 
1 

1 
1 



The ratios indicate the frequency of binding clones after each 
round of selection, Phagemids were rescued with MlSDglll 
helper phage, except for the CEA, MUCl and rsCD4 selections, 
where VCS-M13 helper phage was used- 
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Table IX v-gene family- ^^rmlin e derivation fmd exteni: of 
somatic hypermutatlon of several »r.-trj,t^en-speci±lc. 
soFv fragments isolat e d from the uiixtnnrun±sfed library 



scFv 



Family Germline Differences from gerialine 

gene of 

closest . " 

nucleotide . 

sequence Nucleotide Amino-acid 



HEAVY CHAINS 

(.Thy-23 VH3 DP-47 13 « 

aThF==29 VHl DP--14 . P 2 

aThy-32 VH3 DP-31 5. 

aThy-33 VH3 DP-49 32 



OFOGI-AS VH3 DP- 54 7 3 

aFOGl-A4 VH3 DP-46 7 

aF0Gl-H6 VH3 DP- 51 -LO „ 

SoSl-GS^) VH4 DP-63(FR1) 2 0 

VH5 DP-73(CDEll 15 ? 
to FR3) 

aaaiF-Al VH3 DP-50 9 I 

aTNF-El VH3 DP-45 14 

aTNF-E7 VHl DP-10 0 

aTNF-H9Gl VHl DP-4 1 

oCEA4-8A^ VHl ^^"i'^,™, i 0 

^Cl-ia) VHl ^--^ if 5,^2) ' 

VHl DP-25(FR3) 0 ° 

aCD4-74 VH5 DP-73 13 



DIGHT CHAINS 

aThy-23 Vlcl . L8 0 

ShJ-29 V 3 IGLV3S1 0 J 

S^-32 V 1 XGt.VlS2 1 t 

Shy-ila) Vkl L12(FR1 & CDRl) 6. 3 

Vk4 B3(FR2 to FR3) 5 ^ 

«F0G1-A3 V 2 VL2.1 16 J 

arOGl-A4 Vkl 04 1^ 

aFOGl-H6 Vkl 1.5 36 

oFOGl-GS Vkl L8 27 1* 
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scFv Family 


Germline 


Differences 


fr-om gemnline 






gene of 










closesi: 










nucleo1:ide 










sequence 


Nucieot:ide 


Amino- acid 


LIGHT CHAINS 










aTNF-Al 


Vkl 


Lll 


12 


8 


aTNF-El 


Vkl 


L5 


5 


5 


aTNF-E7 


Vkl 


Lll 


17 


8 


aTNF-H9Gl 


V 1 


XGLV1S2 


18 


9 


aCEA4-BA 


Vkl 


02 


4 


0 




V 2 


VL2.1 


IS 


12 


aCD4-74 


V 1 


HumlvlLl 


23 


17 



References for all -tlxe. heavy chain germline genes can be 
foiind in Tomlinson et al. (1992). The references for the light 
chains are VL2,1 (Brockly et al* 1989); IGLV1S2 (Bernard et al. 
1990); XGLVasi (Frippiat et al, 1990); L8(Vd) and L.5(Vb) ( Pech 
et al., 1984); L12(HK102) (Bentley and Rabbits, 1980); B3(VKIV) 
(klobeck et al., 1985); 02 and 04 (Pargent et al., 1991); Lll 
(Scott et al., 1991); HumlvlLl (Daley et al-, 1992). 
Alternative names are given in parenthesis. 

a) These genes appear to have been created by cross- 
overs between two V-genes during PCR amplification and 
therefore matches have been determined using the two putative 
germline segments: FR, framework; CDR, complementarity- 
determining region - 

Bentley, D.L. and Rabbits, T.H. (1980) Nature , 288, 730-3. 
Bernard,. F. , Chuchana, P.^ Frippiat, J. P., Buluwela, L. and 

liefranc,. M.P. (1990) Nucleic Acids Res , 18, 7139. 
Brockly, F., Alexandre, D. , Chuchana, P., Huck, S., Lefranc, G. 

and Lefranc, M.P- (1989) Nucleic Acids Res , 17, 3976. 
Frippiat , J * P. , Chuchana , P . , Bernard , F . , Buluwela , L . , 
Lefranc, G. and Lefranc, M.P. (1990) Nucleic Acids Res , IS, 

7134. 

Klobeck, H-G. Bomkamm, G,W., Combriato, G. , Mocikat, R. , 
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Pohlenz, H.D. and Zachau, H.G. {19B5) Nnrleic Acids Res , i3. 



6515-29 • , ^ . 

Paxgeni:, W., Melndl, A., TU±ebe, R. , Mitzel, S. and JTachau. 

H G (1991) Eur- J Immunol , 21, 1821-7- 
PecA M., Jaenichen, H.R., Pohlenz, H.D., Neumaler, P.S., 

Ki;bec3c, H.G. and Zachau, (1984) J Hoi BioX, 176, 189-20^ 
Scott M.G., CrimnuLns, D.L., McCourt. P.W. , Chung, G. , Schable, 

K.f'., Th±efae, R., Quenzel, E.M., Zachau. H.G. and Nahni, M.H. 

(^1991) J Immunol , 47, 4007-13. 
Tomlinson, I.M. Walter, G. , Mark^, a.D., i^lewelyn, M.B. and 
Winter, G. (1992) J.Mol.Biol .. 227, in press. 
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Table XV 01xcTonucleot:i.des used 
SYNIilBl : 



SYNLIB2 : 

SYNLIB4 : 

SYNLIB5 2 

SYNIiXBS : 

SYNIiXB? ; 

SYNLIB8 : 

SYNLXB9 : 

SYNLXBIO : 

SYNIilBll t 

STNLIBX2 : 

JHSAIi : 

CDRFOR : 
CDRBACK : 



5'GCC TCC ACC TCT CGA GAC GGT GAC CAG GGT ACC TTG 
GCC CCA ATA GTC AAA (A/CNN) 5 TCT TGC ACA GTA ATA 
CAC GGC CGT GTC-3 ' 



5^ GCC TCC ACC TCT CGA GAC GGT GAC CAG GGT ACC TTG 
GCC CCA (A/CNN)5 TCT TGC ACA GTA ATA CAC CGC CGT 
GTC-3 ' 

5'^GAC CAG GGT ACC TTG GCC CCA ((A/C)NN)4 TCT TGC 
ACA GTA ATA CAC GGC CGH GTC-3' 

5^ -GAC CAG GGT ACC TTG GCC CCA ( ( A/C>NN) 5 TCT TGC 
ACA GTA ATA CAC GGC CGT * GTC-3' 

5' -GAC CAG GGT ACC TTG GCC CCA ((A/C)in^) 6 TCT TGC 
ACA GTA ATA CAC GGC CGT GTC-3' 

5' -GAC CAG GGT ACC TTG GCC CCA (CA/C)NN)7 TCT TGC 

ACA GTA ATA CAC^GGC" CGT GTC-3' -—^^ — - 

5' -GAC CAG GGT ACC TTG GCC CCA (CA/C)NN)8 TCT TGC 
ACA GTA ATA CAC GGC CGT GTC-3' 

5 '-GAC CAG GGT ACC TTG GCC CCA aA/C)NN)9 TCT TGC 
ACA GTA ATA CAC GGC CGT GTC-3' 

5^. GAC CAG GGT ACC TTG GCC CCA ( (A/CJNN)10 TCT TGC 
ACA GTA ATA CAC GGC CGT GTC-3' 

5».GAC CAG GGT ACC TTG GCC CCA (.(A/C)NN)11 TCT TGC 
ACA GTA ATA CAC GGC CGT GTC-3" 

5' -GAC CAG GGT ACC TTG GCC CCA ((A/C)NN)12 TCT TGC 
ACA GTA ATA CAC GGC CGT GTC-3' 

5'- GCC TGA ACC GCC TCC ACC AGT CGA C7VC GGT GAC 
CAG GGT ACC TTG GCC CCA-3^ 

5'- CAG GGT ACC TTG GCC CCA- 3' 

5'- GTG TAT TAG TGT GCA AGA-3 ' 



Hv^f'" VH Back Pr-lme r s 
HuVHlaBACKSfi 
HuVH2aBACKSf± 
. HuVH3 aBACKSf ± 
HuVH4afiACKS f i 
HuVH5 aBACKSf i 
HuVH6 aB ACKS f i 



GTG CAG CTG GTG CAG TCT GG-3 '' 
5' -GTC CTC GCA ACT GCG GCC CA( 
GTC AAC TTA AGG GAG TCT GG-3' 
5' -GTC CTC GCA ACT GCG GCC CA( 
GTG CAG CTG GTG GAG TCT GG-3 ' 
5 '-GTC CTC GCA ACT GCG GCC CA( 
GTG CAG CTG CAG GAG TCG GG-3' 
5' -GTC CTC GCA ACT GCG GCC CA< 
GTG CAG CTG TTG CAG TCT GC-3 ' 
5^ -GTC CTC GCA ACT GCG GCC CA( 
GTA CAG CTG CAG CAG TCA GG^3 ' 



CCG 


GCC ATG 


GCC 


CAG 


CCG 


GCC 


ATG 


GCC 


CAG 


CCG 


GCC 


ATG 


GCC 


GAG 


CCG 


GCC 


ATG 


GCC 


CAG 


CCG 


GCC 


ATG 


GCC 


CAG 


CCG 


GCC 


ATG 


GCC 


CAG 
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cnaiMS: 

1. A method of obtaining a member of a specific binding 
pair (sbp member), the sbp member being an antibody or 
antibody fragment and having an antigen binding site with 
5 binding specificity for an antigen which is a self 

antigen of a species of mammal, the method comprising: 
(a) providing a library of replicable genetic 
display packages (rgdps), each rgdp displaying, at 
its surface an sbp member, and each rgdp containing 
10 nucleic acid with sequence derived from said species 

of mammal and encoding a polypeptide chain which is 
a component part of the sbp member displayed at: the 
surface of that rgdp; 



(b) selecting, by binding with said self antigen, 
15 one or more sbp members with binding specif icitry for 

said self antigen. 

2. A method according to claim 1 wherein said providing 
a library of rgdps comprises: 

combining (i) a first polypeptide chain component 
20 part of an sbp member fused to a component of a rgdp 
• which thereby displays said first polypeptide chain 
component part or population thereof at the surface of 
rgdps on expression in a recombinant host cell organism, 
or a population of such a first polypeptide chain 
25 component part fused to a said component of a rgdp, with 
(ii) a second polypeptide chain component part of an sbp 
member or a population of such a second polypeptide chain 
component part, to form a library of sbp members 
displayed at the surface of rgdps; 
30 at least one of said first or second polypeptide 

chain component part or populations thereof being encoded 
by nucleic acid which is capable of being packaged using 
said component of an rgdp. 

3. A method according to claim 1 werein said providing 
35 a library of rgdps comprises: 

combining ( i ) nucleic acid which encodes a first 
polypeptide chain component of an sbp member fused to *a 
component of a rgdp or a population of such a first 
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polypeptide cha±n component pari: fused -fco a component of 
a rgdp, with (ii) nucleic acid encoding a second 
polypeptide chain component part of an sbp member or a 
population thereof, to form a library of nucleic acid, 
5 nucleic acid of said library being capable of being 
packaged using said component of an rgdp; 

expressing in a recombinant host organism said first 
polypeptide chain component part fused to a component of 
a rgdp or population thereof and said second polypeptide 

10 chain component part of an sbp member or a population 

thereof, to produce a library of rgdps each .displaying at 
its surface an sbp member and containing nucleic acid 
encoding a first and ^^econdTSSlypeptide chain component 
part of the sbp member displayed at its surface- 

15 4. A method according to claim 1, 2 or 3 wherein e^ch 

said sbp member displayed at the surface of an rgdp is an 
antibody fragment comprising a Vh domain and a domain. 

5. A method according to claim 2 wherein both said 
first and second polypeptide chain component parts acr 

20 populations thereof are expressed from nucleic acid 
capable of being packaged using said component of an 
rgdp. 

6. A method according to any preceding claim wherein 
each said sbp member displayed at the surface of an rgdp 

25 is an scFv antibody fr3.gment. 

7. A method according to claim 2 or claim 3 wherein 
said second polypeptide chain component part or 
population thereof ±s encoded by nucleic acid separate 
from nucleic acid encoding said first polypeptide chain 

30 component part or population- 

8. A method according to claim 1 or claim 7 wherein 
each said sbp member displayed at the surface of an xgdp 
is an Taii antibody fragment. 

9. A method according to any one of the preceding 
35 claims wherein the nucleic acid is derived from 

rearranged V genes of an unimmunised mammal. 

10. A method according to any one of claims 1 to 8 
wherein the nucleic acid is derived from a library 
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prepared by artificial or synthetic recombination of V- 
gene sequences. 

11. A method according to claim 10 wherein the library 
is derived from germ line V-gene sequences. 
5 12, A method according to any one of the preceding 
claims wherein said species of mammal is human. 
13. A method according to any one of the preceding 
claims wherein sbp members selected in (b) displayed at 
the surface of rgdps are selected or screened to provide 

10 an individual rgdp displaying an sbp member or a mixed 
populaticn of saj::d rgdps , with each rgdp containing 
nucleic acid encoding the sbp member or a polypeptide 
chain .thereof which is displayed at its surface. 
14- A method according to any one of the preceding 

15 claims wherein nucleic acid which encodes a selected or 
screened sbp member and which is derived from an rgdp 
which displays at its surface a selected or screened sbp 
member is used to express an sbp member or a fragment or 
derivative thereof in a recombinant host organism. 

20 15. A method according to claim 14 wherein nucleic acid 
from one or more rgdps is taken and used to provide 
encoding nucleic acid in a further method to obtain an 
individual sbp member or a mixed population of sbp 
members y or encoding nucleic acid therefor, 

25 16. A method according to claim 14 or claim 15 wherein 
the expression end product is modified to produce a 
derivative thereof. 

17. A method according to any one of claims 14,15 and 16 
wherein the expression end product or derivative thereof 

30 is used to prepare a therapeutic or prophylactic 
medicament or a diagnostic product. 
IB. Use, in a method according to any one of the 
preceding claims, of a kit comprising a library of 
nucleic acid sequences capable of being packaged in rgdps 

35 and which encodes a polypeptide chain component part of 
an antobody for display at the surface of rgdps. 
19. Use, in a method according to any one of claims 1 to 
17, of a kit comprising a library of rgdps each 
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containing nucleic acid encoding at least one polypepl=id;e 
chain component part of an antibody. 
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